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Attached for retention is a two'spart manual on the Soviet SON-9 (FIRE 50X 1-HUM

CAN) radar. The document entitleld Antiaircraft Artillery Instruction,,

Gun-laying Radar SON-9, is an Engli §% translation of a Polish-language

manual published by the Ministry of N.ational Defense, Warsaw, 1957.

~a
Part I (310 pages) is entitled "Design and Functilning of the SON-9
Radar" and Part II (263 pages) is entitled "Operati on of the SON-9

Radar". A detailed table of contents is given at the® end of each 50X1-HUM
part.

(Note: Field distribution indicated by “#*.)
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ANTI-ATRCRAFT ARTILLERY INSTRUCTION

QUN-LAYING RADAR SON-9,

Part I - Design and functioning of the set. ;

" Part IT - Operation of the set.
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INTRODUCTION

The SON-9 radar station is a complicated piece of equipment. A
thoroﬁgh knowledge of the equipment as well as correct operation and
maintenance will ensure trouble-free operation and extend its service
life.

The first part of the Manual gives a general description of the stafion,
and construction of equipment and units.

The second part céntains instructions on the technical operation of the
station, tuning and adjustment of its equipment and units, maintenance ‘and
carey faﬁlt»finding and repair procedure. Voltage and resistance charts and
oscillograms of voltages in reference points of the units are also given.'’ |

The appendices include the list of spare parﬁs (ZIP), the table of
eleétric vacuun devices, description of the URAL-2 device, specification to
. key diagrams of the units and a table of ‘transformer and choke data.

Key diagrams 6f separate systems, devices and units of the station;
diagrams of interunit comnections, cables, a block diagram of the station
' ~~ and all appendices are given in the Album, which is parf and parcel of the
‘ Manual.
References for diagrams and appendices appearing in the Album are given

in brackets (See Album or drawing).

PART I
DESIGN AND FUNCTIONING OF RADAR STATION SON-9
Chapter I

1. PURPOSE OF STATION
‘ ~ The mobile gun laying radar SON-9 in conjunction with fire-control

director PUAZO-6 (or PUAZO-5) is designed for use with small and medium

calibre anti-aircraft artillery. The SON-Q can be used also with PUAZO-3

. .o./or FUAZO-4
SECRET T
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or PUAZO-4, but in these cases computor LSPPM mist be used.

' " The SON-9 detects air targets at a distance of not less than 50 km.
irrespéctive of visibility and weather, continuously determines target
co-ordinates (azimuth, elevation angle and slant range) and transmits them
to the fire~control director and the searchlight.

The SON-9 station dufing combat operation includes a trailer with radar.
equipment and a tractor (truck ZIS-151), on which is mounted a power unit
cf the APG-15 typé,vspares and other équipment.

The general view of the station with the tractor in a travelliﬁg positioQ

is shown in PFig.1; and in a set-up position - in Fig.2,
2. BASIC SPECIFICATIONS OF STATION

The station enables targets to be detected and tracked irrespective
of visibility and weather conditions.

The main specifications of the station are as followss

1. Frequenc& range: 2700 to é860 Mc/sec.  (10.5 to 11.1 cm).

2. Power in the pulse: about 250 kW.

3, Detection range during manual sectcr scanning of a medium bomber

(Type Tu~2) flying at an altitude of 4000 m. is not less than 50 k.

4. Range of automatic tracking of a medium bomber {Type Tu-2) is not
less than 35 ks

5 Limits of operations

in azimuth cesecescsesessossssescenes unlimited
in elovation angle ceoeseccosssassass from ~0-50 to +14-50
6, Mean_error in determining target data during automatic tracking:
in range esecceesossccoescssvosaacas 20 M within 1 - 35 km.
in aZimuth eeeoesscccscesscsssceassss 0=01.6 within 60-00 at elevation
.‘ ‘ . angle values from +1-00 to +13-00
in elevation ceeeccceccccssosassossss 0=02 within +1-00 to 13-00

v.../T. Resoiution
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15,
channels
'l’ 16.

channels

17,

D

18.

19.

20.
21,
22,

23.

- Type of antenna .sceves
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"during manual tracking .eceece.

during automatic tracking ceoes

0600600080

" Resolution of the radar station in slant ranges

125 m.
200 m.
parabolic reflector (D = 1.5 m.)

with asymmetrical rotating dipole

Half-power width cf the directional radiation patterns 0-83 : 0-08

Pulse durations

0.5 microsecond.

Pulse repetition frequency: 1875 c¢/sec.

Intermediate frequencys:

30 Ye/sec.

Intermediate frequency amplification in the range measuring channels

than 75,000,

intermediate frequency pass-band width: 3.6 Mc/sec.

Intermediate frequency amplification in the automatic tracking

got less than 200,000.

Intermediate frequency pass-band width in the automatic tracking

2.2 to 2.8 Mc/sec.

Supply voliage:

single-phase current ¢cecosccss
three-phase current cceoosscceo
Power oonsumed froms

110 V, 427 copese. maAINS voseseo
220 V, 50 copese maing cescocos
Sector scanning:

in azimuth .

©000000080006000004¢0

in elevation angle ccceoscsccoa
Radar siting Time ceeccesscsces
Connection #ime cf sited radar
Weight of radar trailer .,...;.

Weight of complete tractor ...

SECRET

110 Vy 427 cep.s.
220 V3 50 c.p.s.
2900 VA

7000 VA

4-00 - 9-00

1-70 - 2-10

15 min.

3.5 min.
approximately T tons

approximately 8 tons

eo+/24. Dimensions
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24. Dimensions of trailer cabin in travelling positions
. | length with a drawbar «c..o.... 6500 mm
| length without a drawba,r. coocse -5000 mm
height soeesccsscovesocsecssoce 3200 mm
Width eeecocccocccsacsosscserese 2400 mm
25. B&inmum transportation épeed:
on main roads ecseccssscvsseoss 40 km/hr
on country roads eeeesscossssss 25 km/hr

’ 26. The station may be transported by railways with freight dimension "ou,

3. SIMPLIFIED BLOCK-DIAGRAM OF STATION
AND PRINCIPLE OF DETERMINING COORDINATES
The station produces powerful short-time electromagnetic pulses of high
frequency, which are radiated into space by the antenna. |
. If the beam of electromagnetic energy strikes an object, for example
an aircraft, on its way, a portion of this energy will be reflected back to
the station.
The reflected pulses picked up by the antenna are furnished to the .
' receiving equipment through the feeder system.
The pulses converted and amplified in the receiving system are fed to
the\cathode—ray fuves of indicators, forming corresponding target marks on

their screens, as well as to the antenna positioning system and automatic

range finder (during automatic tracking) which ensure continuous matching
of the antenna axis with the direction to the selected target and automatic
determining of the slant range and the target angular data.
The equipment of the SON-9 has the following basic systems (See Fig.3):
(a) transmitiing systems
‘ - (b) antenna-feeder systems
(¢) receiving systems
(d) range-measuring system;

SE&E@‘ ..o/ (e) Plén-positon
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Ke) plan-position indicator system;

(f) antenna positioning system;

(g) data transmitting systems

(h) power supply systém.

Thé transmitting system is designed to produce powerful shori-time
electromagnetic pulses of high frequency which are radiated into spacs by
the antenna.

The transmitting systeﬁ includes a driver unit and a modulator-
osci}lator‘unit~comp§sed of a modulator, a magnetron oscillator and a
high-voltage rectifier.

The driver is fed with trigger pulses produced in the range finding
system. These pulses are of about 1.5 microsecond duration gnd of
1875 ofsec repetition frequency. | |

The trigger pulses are used in the driver %o generate voltage pulses
of 0.5 microsecond duration.which are amplified and furnished to the
modulafor.” Here they are converted into powerfﬁl high-voltage pulses with
an amplitude of aboﬁt 20 XV and are fed out to the magnetron.

The magnetron produces powerful pulses of électromagnetic oscillations

of 0.5 microsecond duration and of 1875 c/sec repetition frequency. The

oscillation frequency depends upon the type of the magnetron employed in

the station and is in the range of 2700 to 2860 Mc/sec.
_ The station is provided with magnetrons, types MI1-18, MI-19, MI-20
and MI-21. Power of oscillations during the pulse is about 250 kW. The
oscillations produced by the magnetron are furnished to the antenna—-feeder
system.

The antenna-feeder system is designed to transmit electromagnetic
energy generated by the transmitter, radiate it into space in the prescribed
direction as well as to pick up signals reflected from the target and apply

them to the receiver input. - The station uses one antenna for transmitting

and receiving.

: B SE&F&EE’ ‘ «++/The antenna-feeder
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The antenna-feeder system includes:. a high-frequency cuvaxial feeder, an
antenna change--over switch and zin‘ antenna consisting of the antenna head and

. a parabolic refiecctor.

Energy of high-frequency oscillations produced by the magaetron
oseillator is supplied through the feeder to the antenna head and a radiator
situated in the focal plane of the para.bollc reflector. In intervals

‘ between the transmitter pulses the echo signal energy is applied through the
same feeder from the antenna head to the input of the receiving system. To
’ facilitate the antenna rotation the feeder line is provided with rotating
joints arranged on these feeder sections that run along the appropriate
rotation axis of the antenna.
The antenns change—over switch performs the following two functions.
When the magne+ron osc1llator is operating it blocks the pa uh of powerful
pulses from the magnetron oscillator cutput to the receiver and ensures
. practically complete transmission of radio-frequency energy from the magnetrom
oscillator to the antenna. In intervals between the transmitter pulses when
signals reflected from the targets return to the station it ensures complete
transmission of energy of these signals from the antenna to the receiver in-
put thus preventing useless dissipation of this energy in_the transmitter
circuits.

The station antenna due to the use of the parabolic reflector of 1.5 m
diameter possesses sharp directivity both during transmission and reception.
This means.that during transﬁission its enérgy is radiated in a narrow sector
of epace and during reception of electromagnetic oscillations the antenna is
fed with the signals from those targets which are within the same sector.

The main characteristic of any directional antenna is its diagram or
so-called radiation pattern which represents graphically power diétribution
‘ during antenna radiation in various directions during transmission and !

.o+/sensitivity of

SECRET
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éensitivity of an antenna to the signals coming from various directions
during reception; |
Me width of the radiation pattern of the SON-9 antenna is 0~-83. + is
determined as an angle between two directions, the radiating power for which
constitutes half the power in relation to its maximum radiation (See Fig.4).
To provide accurate continuous tracking of the target during automatic
tracking the axis of the radiation pattern (i.e. the direction of maximum
radiation) is displaced with respect to‘the geometrical axis of the antenna
(the axis coming through the focus and geometrical centre of the paraboloid)
through &n angle of 0-23 (Fig.5) and the entire radiation pattern, when’
the station is Ffunctioning, is continuously rotated about the geometrical
axis of the antenna at a speed of 1440 r.p.m. (24 r.p.s.). In this case
the axis of the radiation pattern descriles a cone in space. The antenna
geometrical axis coincides with the electrical axis of the antenna during
automatic tracking in angular coordinates (the antenna electricel axis - the
direction from the antenna to the target being tracked at accurate bearing of
the target)g |
The axis of the radiation pattern is displaced in relation to the
geometrical axis of the antenna due to the radiator asymmetry and the
radigtion pattern rotation is achieved by rotating the antenna head about its
axis with the help of an electric motor_which simultaneously rotates a
refefence voltage generator (GON) included in the antenna positioning system.
The receiving system is designed for converting the signals reflected
from the target and picked up by the antemna and for further amplification
to the value required for normal operation of the range and plan-position
indicators, the antenna positioning system and the automatic range finder
unit.
The receiving system consists of crystal mixers of the signals
automatic frequency control (AFC), an intermediate~frequency preamplifier
(IFP) and an amplifier of the range- and Qutomatic tracking channel.

erppey | «eo/The receiving
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The receiving system employs a superheterodyne circuit.

The reflected signals picked up by the antenna are furnished throughl
the feeder line and the antenna change-over switch to the crystal mixer
which is continucusly féd with A.C. voltage of high frequency from the
centimetre heterodyne (Klystron) located in the intermeéiate-frequency
preamplifier stage. The heterodyne frequency is higher than that of the
trensmitter, i.e. the frequency of the picked-up signals by 30 Mc/Sec.

Simultaneous action of these twé high~frequency voltages on a non-
linsar element, i.e. the crystal mizer, results in development of intermediate
(differential) voltage of 30l c/sec frequency at the mixzer output. Bach
intermediate rrequency pulse duration is the same as the incoming pulse
duration, and equals 0.5 microsecond.

Frpm the crystal mixer the I.F. pulse voltage is applied to the I.F.
preamplifier through the radio-frequency cable. This voltage is amplified
in the preamplifier by three stages and through the radio-frequency cable
is applied to the-input of the automatic tracking channel amplifief. Here
the signals are amplified first in one common intermediate frequency
amplifier channel (four stages) and then in two amplifier channels - in range
and automatic tracking channels. From the output of the automatic tracking
channel the signals aré coupled to the automatic tracking unit of the antenna
positioning system, while from the range channel - tb the input of the ranée
charnnel amplifier unit of the receiving system. |

A11 signals which are being furnished to the input of the receiving
system are amplified in the amplifier unit of the range channel. The_
amplifier output is coupled to the range and very narrow gate indicators
plan-position indicator system and to the automatlc range finder unit to
control its operation during automatic measurements of the slant range to the
targets. The range and plan-position indicators are devised to observe the
signals reflected from all targets and iocal objects that are at the given

moment within the area swept by the antenna.

ggﬁ!@ F oo ./The receiver
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The receiver automatic tracking channel is completely cut off most of
the time. It is opened only at the time of arrival of thé signals reflected
from the target selected by the operator.

The signals reflected from the target are passed from the output of the
automatic tracking channel amplifier to the antenna positioning system which
by the action of these voltage pulses provides continuous automatic matching
of the antenna axis with the direction to the target being tracked.

The automatic frequency control circuit in the I.F. preamplifier unit
produces voltages which control‘the kKlystron frequency in such a manner that
when the difference between the klystron and magnetron frequencies deviates
from 30 Mc/sec, the klystron frequency changes automatically and the dif-
ferential (intermediate) frequency remeins constant. This compensates for
unstability of the'klystron and magnetron carrier frequency and ensures
constancy of the recéiving system sensitivity. |

The range measuring system is designed to measure the target range
continuously and accurately and to synchronize the operation of other systems
and units of the station.

The range measuring system is composed of the following components:ba
range and very narrow gate indicator unit, a range unit, an automatic range
finder unit,; a range mechanism unit.

Thé range measuring system is supplied from two common supﬁly units for
the range measuring system and the plan-position indicator system.

Determination of the slant range; i.e. measurement of the time interval
between the emission of the signal and receipt of the corresponding echo is
achieved by aligning the reflected signal with electronic markers whose time
delay in relation to trigger pulses can be determined with a high degree of

accuracy.

Having matched the electronic markers with the echo pulse on the cathode-

ray tubes of the range indicator unit, the operator can read the target slant

range off the scales of the range mechanism unit.

-a  QEPBTT .../The range
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The range is measured with a moving target, therefore the continuous
‘ matching of the electronic‘markers with the reflecte&i signal is done
automatically with the help of the automatic range finder or manually by the
‘operator.
‘To synchronize the operation of all elements of the range measuring
system the plan~position indicator system, the transmitter and the range unit
s provided with a sine-wave oscillator whose frequency (74.955 Kc/s) is
crystal controlled. The crystal oscillator voltage is applied to the step
‘, ‘ divider circuit which produces voltages with frequencies five, twenty and
forty times smaller than the frequency of ths crystal oscillator, i.e.
approximafely 15 Ke/s, 3.75 Ke/s and 1.875 Kc/s. /
To obtain a circular sweep on the fine-range indicator use is made of
two sine-wave voltages having the frequency of the crystal oscillatory
gshifted in phase by_90° in relation to each other. These two voltages
applied to tm.ro pairszof deé‘lecting plates of the tube cause the electronic

beam to trace a circle on the tube screen. The time required for the beam

to make a circle is 13.3 microseconds; which corresponds to a range of 2 km.

‘ " Te ‘obtain a circular sweep on the coarse-range indicator use is made of
| . two voltages of 3.'{5 I-'\'.c/s which are 90o out of phase. The voltages applied
to the deflecting plates of the tubé make the electronic beam trace a circle
on the screen; the time required for the beam to make a circle is increased
l 20 times as compared with the time required for the fine-range tube and,
: consequently, corresponds to a range of 40 km. 3
The voltage pulses of 1.875 Kc/ sec frequency produced in the range unit
are employed for forming t‘xb'iggex: pulses which control the transmitter and the
plan-position indiéa‘tor system. Bes:.des, voltagerof 1.875 Kc/sec frequencyv
g “is used for forming gate pulses whose delay in relation to trigger pulses can

be varied.

The transmitter sends its pulses 6f'_ 1. 8'('5 Kc/ sec frequency every two

revolutions of the sweep on the coarse-range indicator and every 40

o I :
SEQQLH : cao / revolutions of
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revolutions of the sweep on the fine-range indicator. = The indioétors are
set in such a position that each time»the pulse is transmitted the electfonic
beams in both tubes are in upper points of the sweep trace (at zero point)t
The echo pulses are furnished from the putput of the receiver range channel
to the central deflecting electrodes of both range indicators. These

pulses cause outward radial deflections on the sweep trace.

Thus the screen of the coarse-range indicator displays the station
transmitter pulses as a radial pip in the upper initial point of the sweep
trace, whereas radial pips caused hy the target echoes are arranged on the
sweep circle at corresponding distances from the transmitter pulse.

The echoes from the targets the range difference between which amounts
to 40 km. are located in the same point cf the sweep. For example, the
echoes from the targets located at distances of 10 and 50 km. from the
station appear on the sweep trace on the 10 km. range mark after each
transmitter pulse during the first and second revolution of the sweep.

To avoid possible errors in determining the target range the sweep of
the coarse-range indicator is brightened by pulses generated in the range unit.
The géting pulse duration is approximately 260 microseconds, i.e. slightly
less than the time required for one revolution of the sweep on the screen of
the coarse-range indicator. Thus the indicator screen is brightened only
for the time of the first or second revolution of.the sweep after each
transmitter pulse depen:ding upon the position of,the‘switch 0 - 40 km. -
40 - 80 k. -

To form the electronic marker of the coarse-range indicator use is
made of strobe puises which brighten an additional area on the sweep,

i.e. a movable electronic marker. To determine the range it is necessary
to match the movable electronic marker with the target echo by operating the
range knob and to read the indication on the coarse-range scale of the range
mechanism. However, the reading will be inaccurate because first, the

°../1inearity in
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linearity in changing the strobe pulse delay depending cu the turn of the
range mechanism.coarse scale is sufficiently high, and secondly, thé
electronic marker fails to be matched acéurately with the target echo on
the coarse-range indicator'due to its small scale.

To determine the range éccurately prbvision is made in the system for
a second reference pulse — the electronic marker of the fine-range indicator

waich is formed with the help of the crystal oscillator voltage. This

_ voltage is applied to a phase-shifting circuit. The main component of the

circuit is a phase shifter, whose rotor is kinematically connected to -the
range mechanisw fine scale. The change of voltage phase at the phase shifter
output is linearly dependent upon the turn of its rotor, i.e. the turn of the
range mechanism fine scale. The crystal oscillator voltage shifted in

phase is used to form two short pulses which, applied to the fine-range
indicator, form two darkened sectors, or the fine-range electronic marker.

When determining the range it is necessary to set the elect.ronic marker
on the fine-range indicator symmetrically relative to the echo signal
selected on the coarse-range indicator, i.e. to set in such a way, that the
end of the first and ;he beginning of the second mark of the electronic
marker are at the same level to the sweepltraces then to take a reading on
the range mechanism fine scale always rounding off the smaller values.

If the electronic beawn of the fine-range indicator were visibie all the
tire, large errérs right occur when determining the range, because the same
sweep spot of the fine-range indicator would display the signals reflected
from several targets the distances between which differ from each other by
multiples of two kilometres. To avoid superimposing echo signals from
several targets the fine-range indicator is brightened by pulses of lower
than 13.3 microseconds duratiqn, i.e. lower than the time required for one
revolution of the sweep. |

For gating of the fine—rangé indicator use iz made of strobe pulses.

As was mentioned above the strobe pulse delay in relation to trigger pulses.

SE@%E .../always corresponds
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always' corresponds to the reéding on fhe renge mechanism coarse scale. If
' | the scale readings are increased from O to 40 km. by operating the range
knob, the strobe pulse delay in relation to trigger pulSes_will increase
ffom 0 to 266 microseconds.
Thus, depending upon the scale readings the strobe pulse brightens cn
the fiﬁe-range indicator the portion of the first, second, third and so on
u fo thé-twentieth swéep revolution inclusive after the transmitter pulse.
Consequently the screen of the fine—fange indicator can display a signal
. from that tafget which coincides with the electronic marker on the coarse-
range indicator and whose range corresponds to the reading on the range
mechanism scales. |
When tracking the target its slant range is determined by continubusly
matching the electronic markers with the farget echo. The elements for
controlling the electronic markers are kinematically connected between each
‘ other and have a common drive. Besides the manual range tracking, when the
eiectronic.markers are matched with the target echoes by rotating manually the

common drive with the help of the range knob, provision is made for automatic

‘ tracking. In this case the common drive is rotated by the automatic tracking
motor whose speed is controlled by the automatic range finder.

V’I‘he automatic range finder produces two pulses that follow in succession
(called split gate pulses) which are always synchronized with the reference
pulse -~ the electronic marker of the‘fine.—range indicator, Besidess the
automatic range finder is furnished with the target echoes from -the receiver
rangé .channel output.

The time-phase of the echo signals and reference pulses is compared in
a special stage of the automatic range finder (called an error signal time
discriminator.) The voltage at the discriminator output depends on the
mutual time-phase of the reference pulses and the target echo. The

polarity of this voltage depends on whether the referehce pulses lag

behind or lead the target echo, whereas its value is determined by the degree

‘ of lagging behind or leading. SEFPRET ’
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When the electronic markers are matched with the echo from the target
selected for tracking on the indicators, the reference pulsés in the
automatic range finder are arranged symmetrically with respect to the echo
from the same target - there is no error voltage at the discriminator output.
This error-signal in the course of automatic range tracking is amplified
and converited into an A.C. voltage of 50 c.p.s.; this voltage controls the
automatic tracking mqtor, the reference pulses in the automatic fange finder
ard elecironic markers on the fine-range tube being arranged symmetrically
in relation %o the echo from the target being tracked.

The common drive of the range mechanism is connected with coarse and
fine-range transmitting selsyns which aid in conveying continucusly the
slant rénge data to the anti-aircraft firg director and other devices
situated outside the station.

To ensure tracking of the selected target in angular coordinates
(withoUt interference from other targets located in close proximity) use is
made of short pulses of 0.3 microseconds duration called very nafrow gate
pulses to coatrol the operation of the receiver automatic tracking channel.
The time-phase of the very narrow gate pulses is always dependent upon the
position of the electronic marker on the fine-rénge indicator. When
matching electronic markers with the target echo on the range indicators, the
very narrow gate pulses open the gated intermediate-frequency amplifier stage
of the receive: automatic trécking channel at the moment the echo from the
selected taréet is applied to the receiver input.

Controlling the receiver automatic tracking channel by very narrow
gate pulses makes.it possible to track the target without interference from
other targets which @re within the entenna scanning area if the difference
approximately 125 m. :

The plan-position indicator system is designed to detect and observe
fafgets in the area being scanned as well aé to determine their coordinates

I- OFPRET .../with an
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with an accuracy sufficient for automatic target tracking.

‘ The plan-position indicator system includes a _pla,nv-posi'bion indicator
unit and a plan-position indicator transmitting selsyn housed in the antenna
pedestal.

The plan-position indicator system is fed from the supply unit of the
range measuring and plan-position indicator systems. |

The pIan-—positién indicator utilizes a magne’uic cathode-ray tube.  The
.’c-ube deflecting coil passes saw—tooth current pulses. The 'ma‘gnetic field

. . induced by the current pulses causes the electronic beém to deflect from the
centre to the edge of the screen, thus forming a radial sweep trace. The
sweep is triggered by frigger pulses of 1.875 Kc/sec frequency produced in
the rangs unit. The same pulses are used for triggering the station
transmitter which synchronizes the moment of the sweep sfart on the plan-
position indicator screen with the emission of the trahsmitter pulse.

. With the help of the synchro drive circuit of the deflecting coil the
position of the radial sweep changes depending on the antenna rotation angle
in azimuth. During continuous rotation of the antenna in azimuth, i,e.

‘ during circular scanning, the radial sweep on the tube screen rotates in
synchronism with the antenna about the screen centre. During sector scanning
the radial sweep on the screen while moving in synchronism with the rotation
of the antenna in azimuth, ;scillates in a definite sector.

From the output of the recéiver range channel amplifier the echo pulses
are furnished to the control electrode of the cathode-ray tube, thus
-increasing the brightness of the radial sweep in appropriate points. During
continuous circular rotation in azimuth bright spots from each given  target
appear on the sweep only when the target is within the radiation area. As

‘ a result the mark from the point target on the tube screen is essentia.lly

an echo-arc formed by bright spots on the rotating sweep. The angle

subtended by the echo-arc equals the antenna pattern flare. The distance

Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA-RDP80T00246A031400010001-1

o ./between the

==z

L=




ri : 7 V S .,amg’?f . ’ : ’ '
Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA-RDP80T00246A031400010001-1

17 -

between the echo-arc and the tube screen centre given in a definite scale
. ......corresponds to the slant range of the target, .

At the edge of the tube screen is an azimuth scale with angular
divisions (from O to 6O—OO)°A Due to synchronous rotation of the sweep and
antenna in azimuth, the sweep always indicates an azimuth in which the
antenna is directed. The " farget azimuth is determined by taking the reading

| _ off the azimuth scale, Wﬁich corresponds to the mid-point of the eche—arc
representing the given terget,

. _ In order to observe the signals returned from various targets in the
area surrounqlng the statlon the plan—pos1tlon 1nd1catqr utlllzes a cathode—
ray tube with a long-persistance screen. Any brighé spot appearing on the
escréen remains visible for about iO seconds. Thus during circular scanning
when the antenhavrotatee in aéimufh:apbe epeed of about 12 r.p.m. the tube

‘ screen confinueusly.diséieys the target echoes and local objects.

‘ 7 The plan-position indicator unit is provided with a range marker stage
whose operatioﬁ is controlled by voltage pulses of 15 Kc/s furnished by
the range unit. The range pulses create bright spots on ‘the radial sweep,

. : which during continuous rotation merge into range concentric rings. The

‘ distance between the adjacent range rings corresponds to 10 kmf of slant
range. |

The slant range of the target is detefmined on-the screen of the plan-
position indicator by the position of the target echo in relation to the
range rings.

The antenna oositionihé‘system serves to Ceﬂtrei the antenna position,
which can be changed by fotatlng the antenna about tae vertlcal axis
(rotation in azimuth) and dbout the horizontal axis (rotatlon in elevatlon)
The system permits the follow1ng three modes of operation' to be used

. (dependlng on how the antenna Uos:.tlomng 1s carried out) automatlc

circular or sector scanning, manual control and automatlc target tracking.
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The first mode of operation is used_to observe the area surrounding the
. station on the P.P.I. or inv au selected sector.

The second mddé of dpéfa%ion is used to control manuaily the anfenna
boéi%ion, to orient éhe antenna by the target designation data and to follow

the target beforé changing over to automatic tracking.

The third mode of operation is used to detéimine acodfately the

. coordinates of the target being tracked. In this Caée the azimuth and
‘ elevation angle are determined autbmatically, but the range - automatically
. or manually.

Besides, provision is made in the staticn SON-9 for reception of
térget designation data from the circular scanning station and for remote
control of the antenna position from the anti-aircraft fire director PUAZO-6.
In the latter case the antenna rotates in synchronism with the sighting
column of the anti-aircraft fire director PUAZO-6 while the target range is

. determined by the station automatically or manually.
| During circular (or sector) scanning the antenna can rotafe'(or
oscillafe) in azimuth with tilting up and down of the antemna in elevation,
" as well as at constant elevation which is set by the operators

During manual control the antenna wmay be controlled in azimuth and

elevation with the help of handwheels.

During automatic tracking the antenna automatically follows the target
when its angﬁlar coordinates are changed.

The antenna positioning system is composed of the following units and
assemblies:

1. An automavic tracking unit.

2. An azimuth and elevation tracking unit. ' /

3. An antenna control unit.

4. Amplidynes EMU-5.

5. Azimith and elevation drive motors.

SECRET
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6. An antenna pedestal.
. ' 7. & supply unit of drive-motor field windings.

8., 4 reference voltage generatdr (o).

During automatic tracking use is made of the equisignal zone principle
which consists in the following.

As was mentioned above the antenna radiation pattern (direction of
maximum radiation) is deflected from the antenna geometrical axis by an angle
of 0-23, |
| ‘ When the station is functioning the antenna head al;ld consequéntly, the

radiation pattern are continuously rotating about the geometrical axis at a
speed of 24 r.p.m. In this case the radistion pattern axis describes a
cone in space. Duriﬁg rotatidn of the antenna head the point of intersection
of the radiation pattern with an imaginary plane pdssing througb the target
énd at right angles to the antenna geoﬁetrical axis (the so-called image

. plane) will move along the circumference as shown in Fig.6. The same figure

represents four typical positiond of the radiation pattern: extreme top,

right, ldwér\and left positions. FPoints &; B; C, and D are respectively

‘ the points of intersection of the radiation pattern axis with the irage ‘
plane for these four positions of the pattern.

If the target is in point O, i.e. on the antenna geometrical axis, then
at any position of the radiation pattern the value of the signal reflected
from this target remains constant and proportional to section ab on the
radiation pattern; Therefore the direction to point O is called the
direction of equisignal zone or electrical axis of the antenna. Fig.T, a
shows voltage pulses of the target echoes.

If the target moves from point O to point C (See Fig.6) the value of the
target echoes depends upon the position of the radiation.pattern rotating in
~space at a speed of 24 r.p.m. The value of the target echoes is maximum in
the case when the radiation pattern axis is deflected from the antenna

.../electrical axis

SECRE |
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electrical axis (equisignal directioﬁ) towards the target displacement
. (direction 0C). The value of the target echoes is minimum .When the
radiafion pattern axis is deflected from the antenna electrical axis in the
direction opposite to the target displacement. Thus when the radiation
pattern rotates, the value of echoes changes with a frequen;y of 24 ¢.p.s.
‘ (Fig.Ts b).
The magnitude of the echo variation (modulation factor) is proportional
to the antenna deflection from the direction to the target or to the so-called
‘ sighting error 0. »;'Y'I‘h,us if there is a sighting error, the echo signals are
modulated. These.signals are picked-up by the antenna, amplified by the
receiver and are‘aetected, As a result low-frequency A.C. voltage is
obtained which varies with the modulation frequency of the echo signals
(24 c.p.s.). This voltage is called the error voltage.
Thus, if the antenna is‘pointed exactly at the target the echo signals
. will not be modulvated (Fig.T, a) and after they have been detected the error
voltage will be zero. The amplitude of the error voltage is proportional
to the value of the sighting error while the phase (in relation, for instance,
. | 'l:‘o the moment the beam passes through the extreme left-hand position when it
is rotated in space) characterizes the magnitude of the target deflection in

‘ azimuth and elevation.

If the error voltage phase equals O or 180° the target is deflected
only in azimuth. If the phase of this voltage équals 90o or 2700, the
target is deflected in elevation. At intermediate values of the error
voltage phase the target is simultaneously deflected in azimuth and elevation,
the more the phase‘differs from zero or 180° the more the deflection of the
target in elevation and the less in azimuth.

In order to aim the antenna at the target (to align its geometrical
axis with the direction %o the target), it is necessary to turn the antenna

in azimuth through angle AB (in the inclined plane) and through angle A€

%E@REE | .../in elevation
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in elevation (Fig.6). To rc.;:tat'e the antenna, the drive motors rotating the
. antenna in azimuth and elevation should bé fed with control voltages
proportional to deflections in azimuth AB and elevation Ag, respectively.
Therefore the error voltage should be divided into two components so that
the amplitude of one is proporticnal to the value of the térget deflection
in azimuth AB while the amplitude of the other component - to the value of
ke target deflection in elevation Ag.
The error voltage is divided into the two components in the azimuth and
' elevation tracking unit by means of two voltages produced by the reference
voltage generator.
The reference voltage generator is directly coupled to the electric
motor rotating the dipole and'develops two voltages shifted in phase by 900
in relation to each other (Fig.8). The frequency of these voltages as well
as that of the error voltage is determined by the speed of the dipole rotation
. and amounts to 24 c.p.s.
The error voltage and reference voltages are simultaneously applied to
the commutatér stages of the ﬁracking unit to produce two control voltages.
. One voltages i.e. azimuth voltage, is obtained as a result of inter—
action of the error voltage and azimuth reference voltage (Fig.9); the
voltage is dependent on that component of the error voltage which has been
obtained due to the target displacement in azimuth through angle AP .

The second voltage, i.e.‘elevation voltage, is obtained as a result of
interaction of the error voltage and elevation reference vpltage (Fig°9);
the voltage is dependent on that component of the error voltage which has '
been obtained due to the target displacement in elevation through angle Ag .

The control voltages are amplified in the amplification and amplidynes
and after that are applied to the drive motors rotating the antenna in
azimuth and elevation.

The direction the drive mofors are fotating is such that with the

error voltage applied the antenna moves in the direction of the target,

SErRET | .../ until its
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until its geometrical axis is aligned with the target directicn. Then the
. error signal equdls zero and so do the control voltages.
ihen the target moves the error'signal appears agaih, control voltages
will be developed in the azimuth and elevation channels and the drive

motor will move the antenna again toward the parget.

During continuous movement of the target the radar antenna will
eutomatically follow the target.
During manuel control the azimuth and elevation channels are fed with
. two independent error voltages produced by selsyn-transformer circuits.
The azimuth channel is supplied with error veltage produced by the
transmitting selsyn and the azimuth selsyn~transformer whereas the elevation
channellwith error voltage produced by the transmitting selsyn and the
elevation selsyn-transformer. Instead of two reference voltages from the
reference voltage generator the both channels are fed with one commoﬁ
‘ volfage of 50 c.p.s. obtained from the station supply circuit.
The azimuth and elevafion transmitting selsyns are accommodated in
the antenna control unit and are kinematically coupled with the appropriate
‘ controls situated on the front panel of the unit. By. rotating these
controls the operator can create independent error voltages and,
consequently, move the antenna in azimuth or elevation.

-The searching differs from the manual control operation in that the
Fransmitting selsyns of the antenna control uhit are not rotated manually
with the‘help of handwhecls but are driven by the wotor housed in the
-antenna control unit. Rotation frow this motor may be imparted to either
the azimuth transmitting selsyn or simultaneously thrpugh a special set of
gears to the elevation transmitting selsyn.

The operator sets the position of the azimuth and elevation scanniﬁg
sectors with the heln of azimuth and elevation haniwheels of the antenna
control unit.

.../The data
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The data transmitting system 1s designed for sudomatic continuous
‘ transmission of the target data produced by the station to the station
display units, anti-aircraft fire director PUAZO-6 and other receivers
which may be located outside the station. In addition, the system
includes a number of components which make it possible to receive the
taxget' designation da'bav from the outside equipment (from the warning station,
anti-aircraft fire director PUAZO-6).
Power supply system. The éta.tion is supplied from a power unity type
’ - APG-15, with A.C. voltage of 220 V. 50 c.p.s. and A.C. voltage of 110 V,
427 c.peSs
>In addition the station can operate from the three-phase 220 V,
50 c.p.s. mains. In this case 220 V, 50 c.p.s. are fed to the station
through the commutation circuits of the power unit, whereas 110 V, 427 c.p.s.
are produced by the generator mounted on the unit, the generator being

. supplied from three-phase 220 V A.C. mains.
4. STATION DESIGN

The equipment of the SON-O station, is mounted in the trailer body
‘ (Fig.10) which is towed by a ZIS-151 truck. The trailer body has a two-

sided door on the right side, a horizontally hung reér door, and two windows
on the right and left sides of the body. Thg front wall has a hatch
through which an automatic air dryer is installed. The top of the body
carries a dome which covers the antenné when the station is in travelling
position. When the station is set-up, the dome is removed from the body
top and its halves are~ placed near the station.

The trailer chassis is provided with pneumatic brakes actuated from the
truck. For levelling the trailer, the chassis is equipped with four jacks.

‘ The body has lighting, a stove and ventilation.
The rear part of the body accommodates control desk 18 (See Fig.10)

,Whﬂich incorporates several units. Located to the right of the control desk,
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above the wheel house frame, is a control unit, while to the lefti of the

control desk the locker for spare parts, tools and accessories (ZIP) and a
voltammeter AVO. Under the control desk is located control panel 20. The
front part of the body houses transmitter cabinet 5 with a high~voltage _
rectifier and antenna pedestal 6, arranged on it. The cabinet for amplidynes
2 and 3 is installed above the left-hand front-wheel house frame. The rack
mounts air dryer 4. At the front wall transmitter cooling fan 1 is mounted
on the floor.
To the right of the entre.nce door on the body wall are fire

extinguishers and a lighting board.

On the left-hand body wall under the window is fixed receiving selsyn

unit 16, to the fighf of the ;Nindow is stove 15. Between the stm}e and the
aniplidyne cabinet on the body wall are located: an echo box, below is a
bracket with antenna heads, closer to the stove is the radar operator's

. folding chair 14 and the telephone operator's chair. The bracket under the
telephone operator's table mounts telephone set 21. Built into the left-~hand

body wall are outer connection boards 24 of the station. The equipment whose

operation is affecteu by jolting during transportation (main control desk,
‘ control unit, echo box) is mounted on rubber shock absorbers.

The main control desk (Figs 11 and 12) is built in the form of a cabinet
which houses the various units.

The unite are secured to the control desk with the help of special
retainer bolts. To prevent insertion of a unit into a wrong compartment
bprovision is made for mechanical interlocking.

The _front panels of the units carry control and tuning elements (knobs,
screw-driver operated shafts, switches, test jacks, etc.) as well as
indicators which aid in checking the operation of the station. The units

. are connected with the help of knife-type conneetors.

A1l connecting wiring arranged on the baek of the unit is covered by

three removable shields located on the rear side of the frame. The units are

marked with corresponding numbers.

RFEAMP ./Mhea transmitting
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The transmitting system is mounted on retractable chassis which is
. pushed into transmitter c'abing’o 5 (See Fi_ng).

The transmitter cabinet is reinforced Welded_structure with a top-
mounted steel plate which carries the antenna pedestal. The cabinet is
designed as a base for the antenna pedestal. |

The modulator-oscillator ﬁﬁit housing carries the driver unit and the
intermediate~frequency preamplifier qnit of the receiving system. These
units are put into the modulator housing on the side of the frént panel and

. are held in place in the same way as the main control desk units. The
modulator-oscillator unit housing is mounted on skids which facilitates its
withdrawl. , )

The modulator-oscillator unit housigg is bolted on to the rear part
of the transmitter cabinet. |

The chassis is cushioned by means of shock absorbers.

. The right-hand upper corner of the housing accommodates the magnetron,
the antenna change-over switch and the magnetron heater transformer.

The magnetron and the antenna change-over switch are secured on a

‘ common plate which is rigidly bolted on to the antenna pedestal foundation.
The transmitter components are cooled by exhaust fan 1 located in the
trailer body behind the transmitter. The magnetron and modulator valves are
cooled By the air forced by the fan located inside the transmitter. To
provide fres access to all transmitter units the cabinet plating is provided

. with six small doors. In zddition, the panel covering the magnetron is
hinged. Protection of personnel against high voltage is achieved by
interlocks mounted on each hinged door and the relay of the transmitter
cabinet.

The amplidynes are lopated above the left~hand wheel house frame in the
cabinet. ‘

To reduce noise the cabinet is coveredlwith a sound proof shield whicﬁ

is screwed to the cabinet. For cooling the amplidynes the front body wall

is provided with a vent hole. SEEEAZETLN
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Mounted above the left-hand rear wheel house frame is a ctorage battery

' supplying the emergency lighting circuit of the trailer body.

5. LIST OF STANDARD EQUIPB.&'EN’I‘
The Table below lists a number of uhits and assemblies included in the

station standard equipment and their designation.

Name of unit Designation
‘ Transmitting System
Driver unit eccooocscoscesccsccocosocsssosescsossssscocococossoso 23
YVodulator-oscillator Unit ceccocccscccoscssasoscsscossssssaons 25

Receiving System

Intermediate~frequency preamplifier cccecocsscoscesocscoonsns 22
Automatic tracking channel amplifier unit ceoevcccvceccecanes 1
. : Range channel amplifier unit cccosesccecosccransccocorococccns 2

Antenna-Feeder System

~

Antenna change-over Switch cocoecooccocsoscsonscescsosaosocas 28

‘ Feeder system cooscosoosssscosssscsosooosasosssensoaoocoansss -

Range-Measuring System

Range unit e eeeseaosesvsancvecsearsasasessansasonsoranastens
Range-mechanism Unlt coocesesccesconsntnsecoans soesacsssacse ens

Range and very narrow gate indicator unit sesoceccocccccocans

- W N @

Automatic range finder unidt sececccoescscsecascscccecoecoscas

Plan-Position Indicator System

Elan-position indicatOI‘ unit ©900000090006009000080200000000080900250 11

Supply unit of plan-position indicator and range-measuring

‘ SYSTEMS «ovvosocseossascoscnoacssoososssecconsaoesoocososs 5

Range-measuring system supply UNLIt cecsoecsoesscscascscsoemss 9

..+/Antenna Positioning

|

&7
e
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Name of unit g Designation
Antenna Positioning System
Automatic tracking unit ..sceesocscccoscocsccsossscscscosooss 6
Azimuth and elevation automatic tracking‘unit e eerrenacnans 10
Antenna control unit et s eeseesccecascetesenseesesasescnanaos 12
Anplidyne cabinet t e eoeeeaceacceaaansacsaaccansossacanacasaan -
Supply unit of drive-motor field windings cecoocescesscscsssss 66
Antenna pedestal .ccoceosesccssossoosocosasscaosssscccsocascess 32
Data Transmitting System
Receiving selsyn UNnit coecoscoocoscosscocascncscosscceoocoans 44
Outer board cscocecesscooccsscosooasassassscescsanssoscsosoocss 33
Supply System
Control unit ccccovesocoscoosessoosssoonosscoocoscssescsconsosos 31
Control panel cococoooccoeccscsssoescossssososccossosscosasscos 13

Standard letter designations and symbols of radio components and
elements are used on key diagrams. -

To designate each separate element of a key diagram use is made of
figure indexes. For this purpose each separate unit is assigned a hundred
numbers within which similar components are numbered beginning from 1. The
first two figures designate the unit number, the following figures, ordinal
numbers of the given types of the elements. For example, designations
R7-3, C7-21 given on the diagram should be deciphered as follows: R, C -
letter designations of the diagram elements (resistors and capacitors)

T - unit nuﬁber: 3, 21, etc. - ordinal numbers of the like types of components.

Full designations of the diagram elements, their types, tolerance and

other data are given in the summary Specification (Appendix 4).

.,./Chapter 2
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Chapter 2

TRANSMITTING SYSTEM ‘

1. GENERAL INFORMATINN

The transmitting‘systgm of the station is designed for generating
radio-frequency pulses with the power of about 250 kW, of 0.5 microsecond
duration and 1875 c/sec reﬁetition frequency. The frequency range of the
transmitter is from 2700 Mc/sec (11.1 em) to 2860 Mc/sec (10.5 cm).  The
frequency band of the station is obtained by use of four magnetrohs of the
followiné frequency ranges:

MI-18: 2820 to 2860 lic/sec. (10.638 t0-10.489 em.)
¥I-19: 2780 to 2820 Mo/sec.  (10.791 to 10.638 cm.)
MI-20: 2740 to 2780 Mc/sec.  (10.948 to ioa791 cm. )
NI-21: 2700 to 2740 Mo/sec.  (11.111 4o 10.948 cm.)

Thé transmittiné system consists of a driver, a modulator; a magnetron
oscillator and a high—voltagelrectifier (Fig.13), which are mounted on the
chassis placed in the transmitter cabinet (Figs 14 and 15) located in the
middle of tne trailer body.

The modulator oscillator and high-voltage rectifier are housed in one
modulator-oscillator unit.

The driver produces positive square pulses with an amplitude of 2700 V
and of 0.5 microsecond duration to control the modulator.

The modulator is a powerful electronic switch that feeds the magnetroﬁ
oscillator with a voltage of about 22 kV for 0;5 microsecond and cuts it
off for 533 microsecond.

The magnetron oscillator serves to generate A.C. high-frequency pulses
of about 250 kWi power.

The high-voltage rectifier is designed to‘éupply thé magnetron

oscillator with a voltage (of about 22 kV.)

.. ./2. FUNCTIONAL
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2. FUNCTIONAL DIAGRAM OF TRANSMITTING SYSTEM

. , Fig.16 shows the transmitting system furictional diagram. The nebgative
“trigger pulses of 1.5 microseconds with an amplitude of about 15V and of
1875 c/sec repetition freQuency fed out fromrthe range unit control the
operation o:f the driver electron relay.
The electron relay producés negative square pulses of 0.9 microseconds
duration with an amplitude of 160 V which are fed to the inverter.
The inverter amplifies these voltage pulses simultaneously altering
‘ their polarity from negative to positive without changing their duration.
- Then they are supplied for further amplification by the first and second
power amplifiers.
From the output of the second powef amplifier the negative pulses are
passed through the delay line to the input of the first amplifier valve with
a delay of 0.5 microsecond after it has been ﬁriggered by positive pulses
. coming frqm the inverter.
From pulse transformer Tr23-2 changing the pola.r:ity of voltage pulses,
positive pulses with an amplitucie of 2700 V and of 0.5 microéecond duration

‘ .are applied to the modulator valve grids.

Two rectifiers located in the driver supply the grid and plate circuits
of the driver valves, except for the plafte circuits of the second power
amplifier which are fed by the rectifier situated in the modulator-oscillator
unit. |

Storage cé,pacitor C25-5 placed in the modulator is charged to 22 kV by
the high-voltage rec.tifier.

In the ir;terva,ls between the voltage pulses furnished by the driver,
the modulator valves are not conducting as they are cut off by negative

‘ bias; and the storage capacitor cannot discharge through them.
The positive voltage pulses coming from the driver make the modulator

valves conducting for 0.5 microsecond, the storage capacitor discharges
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through thé modulator valves and uagnetren which generates ultra high-

. frequency pulses of about 250 k¥ power. Upon ceséation of the voltage
pulse action, i.e. after 0.5 microsecond, the modulator valves are cut off
again by bias voltage and the magnetron stops generating oscillations until
vthe next positive pulse arrives from the driver.

The ultra high-frequency pulse 250 kW pulse of 0.5 microsecond duration
rroduced by the magnetron is passed o the antenna through the feeder
coupled to the magnetron.

" In parallel wie’ch the magnetron are connected damping diodes which
suppress spurious oscillations appearing in the modulator circuit after the

modulator valves have been cut off.
3. DRIVER

The driver is composed of the following elements: an electron relay,
‘ an inverter, the first and second power amplifier, two pulse transformers,
a delay line and two rectifiefs; —
A key diagram of the driver is shown in Fig.17 (See Album).

The front panel and general view are given in Figs 18 and 19.

Ilectron Relay

The electron relay is the driver input stage forming the negatiive
square vcltage pulse whose shape and duration are determined by the parameters
of the electron relay. Within certain limits the form and duration of the
pulses are not dependent upon those of the trigger pulse.

The electron relay (Fig.20) utilizes double triode V23-1 (6NES) and
is triggered Ey the negative pulse with an amplitude of about 15 V coming
from the range unit.

Before supplying the trigger pulse the right-hand triode of valve

. V23~1 is cut off by a negative bias of about -16 V applied to grid 1 of the.

right-hand triode from the.voltage divider formed by resiétors R23~T and

R23-8 which is supplied by -230 V bias rectifier. The left-hand triode

| of the valve is opened as its grid voltage approximates to zero. o
- RPORFT
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In this case capacitor €23-2 is charged to the plate vcltage value
. of the electron relay (to +230 V). The plate current flowing through
the left-hand triode develops voltage drop across resistor R23-5; as a
result the potential of the left-hand triode \platé 5 is approximately equal
to +120 V.
The negative trigger pulse from the range unit is applied 1o grid 4 of
the valve left-hand triode through a differentiating‘ circuit composed of
capacitor C23-1 and resistor R23-2 with a time codstant of about 0.15
. microseconds. The negative pulse cuts off the left-hand triode (Fig.21,a)
which cauées voltage to build up across the l.eft-hand triode plate -
(Pig.21, b;c). This vqltége rise is applied through coupling capacitor
C23-3 to grid 1 of the right-hand triode, which results in opening of the
triode (Fig.21, d).
Withbthe left-hand triode cut off, capacitor. 623-3 charges through
‘ resistor R23-5 and the grid - cathode section of the. right-hand triode.
The time constant of the charging circuit (023—3; 323—5) is rather
large (approximately 30 microseconds) therefore, with the left-hand triode
‘ cut off for about 0.9 microseconds the right-hand triode of the valve
remains cohducting; the grid voltage and plate current in it are changed
inconsiderably during this time interval (Fig.21, d,e).  When plate current
appears in the right-hand triode, voltage drop develops across resistor
R23-6 -and choke L23-1, which results in reduction of potential at plate 2
by approximately 160 V (Fig.21 ’ f). The voltage reduction is applied
through coupling capacitor €23-2 to the grid of the left-hand triode, as
a result the left-hand triode remains cut off though the trigger pulse is
no 1onge£ applied. !
The voltage reduction on the‘ plate of thev right-hand triode causes
. capacitor C23-2 to disdharge gradually through the right-hand triode and
resistor R23-2. As the capacitor discharges the voltage drop across

resistor R23-2 caused by the capacitor discharge, current decreases

grﬂ@ﬁf ene / gradually in
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the moment when the grid voltage slightly exceeds the trigger leve1; a
small plate‘current appears in the left-hand triode. The voltage drop

’ across resistor R23-5 causes the drop in the plate potential of the left-

haﬁd triode. This voltage drop is fed out through capacitor (23-3 to the
grid of the right~hand triode thereby causing a decrease of its plate
surrent and,; consequently, an increase of its plate potential. The increase
of voltage on the plate of the right-hand triode is applied to the grid of
the left-hand triode through coupling capacitor C23-2 and causes further
rise of its plate current. |

. ' Thus, at the instant when the left-haﬁd triode grid voltage reaches
the trigger level, the left-hand triode current increases in an avalanche-
like ménner and the right-hand triode plate current fully,decrgases which
means the circult comes back to the initial position. The electron reléy

remains in this state until the next trigger pulse arrives from the range
‘ - unit.

hand triode, i.e. the time for the circuit turn over, is determined in the

The duration of the negative voltage pulse at the plate of the right-

main by the time constant of the capacitor (C23-2) discharge circuit.

. The negative square pulse of 0.9 microseconds duration (rig.21, f)
generated by the electron relay is furnished from the plate of the right-
hand triode V23-1 to the grid of the inverter valve V23-2 through isolating
capabitor C23-4.

The repetition frequenéy of the eléctron relay pulse corresponds to
the frequency of the trigger pulses supplied from the range unit, and ié
1875 ¢/sec. |
The plates of the electron relay are fed from the rectifier +500 V
through damping resisﬁors R23-41, R23-34 and R23-33. |
‘ The amplitude value of the negative pulse voltage produced by the
electron relay is approximately equal to 160 V.

.»./Placed in

)

SECRET ‘
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Placed in the plate circuit of the right-hand triode is correcting

. choke L23~1 which serves to improve the pulse wave~form.

Inverter
The inverter is des;éned to amplify and reverse polarity of the
negative pulse furnished:by the electron relay. A positive pulse is formed
at the inverter output which is required for removing cut-off bias in the-
valve of the next stage (first amplifier> which is cut off in the time
interval between the pulses.
‘ The inverter employs valve V23-2, type 6F3S, (beam tetrode) used as
a triode. The valve plate circuit is supplied from.the +500-volt rectifier.
If there is no negative pulse applied from %he electron relay the
valve grid voltage approximates zero and the curtent flowing through the
valve is &bout 45 mAy the plate voltage of the vélve being in the region
® of 105 V. R
‘ When the control grid is fed with the negatifg pilse the inverter valve
‘ is oompleteiy cut off and positive voltage pulse ié built up on its plate,
‘ which is impressed on the contrql grids of the first power amplifier valve
. (V23-—3J)_7 thrqugh_i}solat‘i_ng capac.,ivtc.Jr C_“?.3—5,‘ During‘_‘thev pulse action the
valve grid vp)fage»bgcomes positive with the resultant grid‘currept in the
Yalﬁe. o | | |
The grid gﬁrrent of the fir#t éower.amplifiey.valve flowsvthrough
registor R23T1Q andvdevelops voltage drop acréss it équal approximately to
135 V,_thch keepsbthe voltége on'thg_platelof valve V23-2 below 365 v
durigg the pulse action. , ‘ ) ‘ ) |
| Thus,.the gmplitude Qf‘vqltage pulggé on the plate vavalve V23—? is
clipped byvthe grid current of the first power amplifier and makes up
3 . approximately _26'01 v. - v v ‘
‘ Apart from éorrectiné choke 123<2 the plate circuit of valve V23-2

includes resistor R23-10, which serves to improve the pulse _wave-form at the

inverter output. | | SESQE‘E’

/e aAn
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Fig.22 shows voltage and current curves in the irnverter circuits. It
. should be borne in mind that ﬂle curve of the inverter plate current has
the form shown in this figure only in case the second power amplifier is
not functioning. At normal full connection of the driver the voltage
pulse wave-form on the inverter plate is sligh'tly changed by the action
of the negative voltage pulse. This pulse is supplied from the second
power amplifier output to the input of the first amplifier through the

delay line and to the inverter plate through coﬁpling canacitor 023-5.

. Pirst Power Amplifier

The Tirst power amplifier employs valve V23;3, type GI-30, (a beam
dual tetrode) is designed for further amplification of the pulse furnished
by the inverter.

The simplified diagram of the driver power amplifiers is shown in

. Fig.23. |

When there is no pulse applied, both halves of the first amplifier
valve are cut off by a negative voltage of -230 V applied to the control
grids from lhe bias rectifier (valve V23-6). ‘hen the positive voltage

‘ pulse (Fig.24, a) is applied from the inverier to the control grid of valve
V23-3 the valve of the first power amplifier is made conducting.

The plate load of the first power amplifier is the primafy winding of
pulse transformer Tr23»1. - The secondary winding of the transformer is the
load of the grid circuit of the second power amplifier.

The plate current flowing in the first power amplifier valve (Fig.24, b)
develops voltage drop across its load, resultingr in voltage pulse of
negative polarify on the valve plate whose wave-form approaches the square-
wave (Fig.24, ).

‘ The secondam; winding of pulse transformer Tr23-1 is connected into
the grid -circuit of the second power amplifier valve so that the positive
volta.gerpulsg produced m this winding is applied to the valve grids of the

next stage.

gg?@?@ | | | _— /‘I‘k.le main
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The main function of pulse transformer Tr23-1 is to convert the
. negative pulse iﬁto a pcsitive one. Nevertheless, the transformer matches
the 5u'tput resistancev of the first power amplifier with the input resistance
of the second power amplifier. | |

The transformation rafio of transfoi‘mer Tr23-1 is 2.5:1 and relationship
of pulse voltages across the primary and secondary windings is 790:320 V,
respectively.

The application of such a sitep-down transformer is necessitated by

. keeping, during the pulse action, a considerable grid current (about 2 A)
consumed by the grid circuits ‘of the second power amplifier.

Reduction of the pulse duration to 0.5 microsecond in the first
amplifier circuits can be explained by the action of the second .power
amplifier and the delay line.

The plate and screen circuits of valve‘V23-3 are supplied 'by the +850 V

. rectifier located in the driver unit. To prevent appearance of spurious
oscillations the screen circuits include grid suppressors R23-13 and
R23-14, 51 ohms each, whereas the plate éircuits - resistors R23-15 and

‘ R23-16, 10 ohms each (Fig.17).

Second Power Amplifier

The second power amplifier is designed for further amplification of
voltage and power of the pulse furnished by the first amplifier.-

The amplifier émploys two valves V23-4 and V23-5, type GI-30, connected
in parallel. Thus, the second power amplifier uses a parallel combination
of four tetrodes. |

Resistor R23-28 serves to clip. the current flowing directly from the
rectifier when valves V23-3 and V23-4 are conducting. |

‘ In pulse intervéls the valves of the second power amplifier are cut off
by a negative voltage of -230 V fed to the control grids from the bias

. rectifier (valve V23-6). . \

SEQREF oo /The valve
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The valve plates are supplied with I.C. voltage from the +4000-volt
. rectifier accommodated in the modulator-oscillator unit. |
With the positive voltage puise impressed on the control grids of the
amplifier valves a iarge pulse 6urrent flows throéugh the valves. This
cgrrent is maintained due to discharge of! capacifor €23-8 which is charged
during the pulse intervals up to the plate voltage of the second poﬁrer
emplifier.

Connected into the discharge circuit of capacitor C23-8 is the primary
‘ winding of transformer Tr23-2., The winding is the plate load of the second

power amplifier valves. Thus, the second power amplifier is a transformer-

coupled amplifier based on a circuit with a parallel supply.
If transformer Tr23-2 were connected similarly to transformer Tr23-1
(Fig.25), large D.C. potential difference would occur between the windingér
of transformer Tr23-2, amountiﬁg to about 5400 V (+4000 across the primary
. and -1400 across the secondary). ‘
. This would demand strengthening of the insulation between v-vindings,
which would result in an increase of the transformer 1eakaée inductance and,
‘ therefore, in a slight impairment of the pulse wave-form.
When the pulse of the plate current passes through the primary winding
of transformer Tr23-2, the primary winding creates the negative pulse
having an amplitude of about 3200 V.
The main function of transformer Tr23-2 is to reverse the pulée
polarity.
The relatiOnship,be.tween the number of turns in the transformer.
windings is 1_:1 , but due to losses in the transformer the voltage in the
secondary winding decreasves approximately to 2700 V.
. ‘ The positive pulse furnished from the tr:an’sformer secondary winding
is applied to the grids of the modulat_or vé,lves.
Connected in parallel with the primary winding of transformer Tr23-2
is a chain composed of capacitor C23-9 and resis‘t;ors R23-31 and R23-30;

E B T .o ./which improves
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' which improves the wave-form of the pulse applied to the grids of the

| .
| . modulator valves.

Leakage inductance of the priméry winding of transformer Tr23-2 andu
distriﬁuted capacitance of this winding, including the wiring capacitance,
form an oscillatory circuit in which spurious oscillations are shock
excited at the moment of the beginning and cessation of the plate pulse
surrent of the second power amplifier valves. The correcting chain shunts
this osciliatory circuit, reduces its quality and ensures quick damping of

‘ the spurious oscillations, thus imoroving the wave-form of the voltage pulse

‘at the output of transformer Tr23-2.

Delay Line
To reduce the duration of the voltage pulse produced by the electron
relay from 0.9 microsecond to 0.5 microsecond use is made of a delay line
made in the form of an artificial 1ihe.v The delay line is connected
between the output of the second power amplifier and the input of the first
power amplifier (Fig.23).
The deliay liné acts as follows. The voltage divider formed by
‘ resistors R23-?29 and R23-40 furnishes part of the pulse voitage of negative
polarity to the line input. A series combination of four sections of
inductor L23—3>and a parallel combination of capacitors C23-10 and C23-22,
023—11Aand C23-23, €23-12 and 023-24, €23-13 and C23-25 prevent instantaneous
tranemission of voltage along the line. Ag a result the voltage pulse at
the line output appears and vanishes a bit later than at the line input.
The line parameters are selected so that the pulse delay time equals
0.5 microsecond.
To avoid reflection from the linevend, the line is loaded by resistor
‘ R23-39 whose value approximates ‘the line wave impedance.
The pulse of 0.9 microseconds duration generated by the electron relay

is narrowed on the grid of the first power amplifier (valve V23-3). The

SECRET /e
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grid of this valve is supplied witﬁ the positive voltage pulse from the
. inverter and the negative pulse delayed for 0.5 microsecond from the second
amplifier through the delay line.

The amplitude of the negétive voltage pulse exceeds that of the positive
pulse; therefore, the first amplifier is éut off by the negative pulse from
the delay line 0.5 microsecond after it has been made conducting by the
rﬁlse furnished‘from the inverter. Thus, the valve is conducting during
0.5 microsecond, hence the voltage pulse duration at the anode (plate) of

‘ the first power amplifier and in the successive stages is 0.5 microsecond. -
Fig.26 shows the voltage curves in various points of the power rectifier
circuit (by a line of dashes - when the delay line is absent and by a
continuous line - curves actually observed when the delay line is present).
The pulse from the delay line output is applied to the control grid of
the first power amplifier tvhrough capacitor 023-19 isolating the valve grid
from the chassis for D.C. The capacitance value of this capacitor is taken
small (47 pF) to diminish its influence upon the inverfer pulse form as the

capacitor shunts the plate load of valve V23-2 for A.C.

. Pulse Transformers

Transforme:s Tr23-1 and Tr23-2 are transformers of a special type
intended for undistorted transmission of short pulses. To perform this
operation it is necessary to ensure minimum leakage inductance in the
transformer and minimum capacitance between the windings.  Reduction of
leakage inductance is obtained by the close arrangement of the transformer
windings, whereas reduction of interwinding capacitance is achieved by
placing them as far apart as possible. |

The problem is solved by arranging the windings in ‘a special manner.

‘

Leakage inductance is minimum if both windings have the same volume.
Therefore, each winding of transformer Tr23-1, having transformatioh ratio
2.531, consists of two sections, the primary sections being connected in

series, and the secondary sections - in parallél (Fig.27).

. -~ eLapryY Nisod as
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Used as a core material i permalloy - an alloy of iroh and nickel -
. having high magnetic permeability.

To reduce eddy current loss, silicon is added to the ailoy, the
lafhinations are made 0.1 —’Oo1é mpo thick and afé'thoroughly insulated froﬁ
each other by a film of varnish applied to one side of each lamination.

The core of fransformer Tr23-2 is greater in voiume than fhat of
transformer Tr23-1 as the power transmitted by the transformer Tr23-2 reaches

50 ~ 55 kW during the pulse time.

. Driver Rectifiers

The driver unit is prdvided.with a plate rectifier and a3 bias rectifier.
The tias rectifier (Fig.28) uses valve V23-6 (kenotron, type 504S8) in
a full-wave circuit. It oroduces bias voltage (-230 V) to supﬁly the first
and eecond pewev rectifier valves. - he bias voltage applied to the electron
‘ relay ( 16 V) is taken off the voltage d:LVlder which is also fed by the
same rectifier. Besides, the rectifier supplies an electron time’relay
incorporated in the modulator unit. In some stations the -230 V rectifier
supplies relay P23-1 through series resistor R23-32.

‘ Note: The electron time relay and relay P23-1 are described

below in Section 7.
The bias rectifier filter consists of capacitor V23-14 and choke DL23-1.
‘The primary winding circuit of transformer Tr23-3 includes fuse B23-1
located on the front panel of the unit.
The plate rectifier of the driver unit (Fig.29) utilizing two valves
V23-7 and V23-8 (kenotrons, type 504S) and transformer Tr23-4, is represented
by two independent rectifiers for +500 V, and +35O V, connected in series.
The rectifier rated for +500 V supplies the plate circuit of the inverter
. ; and electron relay. The mid-point of the transformer plate winding
| (i.e. minus) of the +350 V rectifier is connected to the output (plus) of
the rectifier, +500 V. Thﬁs, the total voltage of the driver second

.../rectifier equals

CEPPLT
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rectifier equals +850 V. The voltage of +850 V is used for supplying the
. . plates of the first power amplifier and the screen grids of the first and
second power amplifiers.
The primary winding circuit of tré.néformer Tr23-4 includes fuse B23-2,
located on the front panel of the unit.
The filament voltage of the driver valves is taken from transformer
Tr23-5 (Fig.17) which is provided for this purpose with four secondary
windings: a winding with taps 9 and 10 for heating valves v23-1, V23~2,
. V23-3, V23-4 and V23-5 of the driver unit; a winding with taps 5 and 6 for
kenotron V23-7 and a winding with taps 7 and 8 for kenotron V23-8 of the
double rectifier. The fourth winding with taps 3 and 4 is not used in the
driver unit.
The mains voltage is applied to the driver unit through connector
Zw23-1, whose contacts 15 and 16 supply 110 V, 427 c.pe.s. to transformers
. Tr23-3 and Tr23-5, whereas contacts 11 and 12 - to transformer Tr23—4.
Connector Zw23—1 is simultaneously used for feeding the driver rectifier
voltages to an indic:a’oor,‘ type Pp25-3, (marked VOLTAGE CHECK) located on
the front panel of the transmitter unit, and to the electron time relay
placed in the modulator unit.

The indicator, type Pp25-3, is supplied through contact 5 and series
resistor R23-38 with a voltage of -230 V; through series resistor R23-36 and
contact 9 of conneotor Zw23-1 with a voltage of +500 V and through resistor
R23-37 and contact T with a voltage of +850 V.  All these voltages are fed
to the instrument through selector switch W25-4.

The instrument connections are made in such a way that when voltages
of =230, +500 and +850 V are checked the instrument pointer must be between
the red marks made on its scale.

. Voltage to the electron time relay is applied through contact 13 of
connector Zw23-1. In drivers of stations of earlier design the contact
circuit of relay P23-1 is closed through contacts 13 and 14 of conriectbr

Zw23-1. : gE@gﬁ .../The plate
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The plate voltage of +4000 V is applied to the second power amplifier
. from the rectifier, +4000 V, located in the modulator;-oscillator unit,
through high-voltage connector Zw23-2. ~The pulse voltage is impressed on
the grids of the modulator valves from tfansformer Tr23-2 through high-

voltage connectors Zw23~6 and Zw23-T.
MODULATOR.

|
1 |
‘ The modulator is a powerful electronic switch periodically energizing
the magnetron plate circuit. The basic elements of the modulator are formed
by three valves V25-1, V25-2 and V25-3 (type GMI-30) connected in pafallel,
storage capacitor C25-5, three damping diodes V25-4, V25—§ and V25-6
(W1—O.1/40) and charging choke L25-2.
Kéy diagrams of the modulator—oséillafor unit are shown in Figs 30
' and 30,a (See Album).
. The grids of the modulator valves are furnished with the constant
negative bias of ~1400 V from the bias rectifier employing valve v25-8
(VU-111-D).  During pulse intervals the modulator valves are cut off.  The
| plates of the modulator valves are connected to storage capacitor C25-5
‘ (Fig.31). |
In time intervals between the positive pulses fed to the grids of the
modulator valvesg the‘storage capacitor is charged by the high-voltage
rectifier to a voltage of about 22 kV. The capacitor is gharged along the
following circuit (Fig.31): plus of the high-voltage rectifier; current-
limiting resistors R25-36, R25-35, capacitor C25;S, choke L25-2, milli-
ammeter Pp25-2, minus of the rectifier (ground).
When the positive pulse is received from the driver to the grids of
the modulator valve (Fig.32, é), the valves become conducting and the
‘ magnetron is connected into the charging ‘circuit of stbrage capacitor
C25~5, in series with the modulator valves. In this case voltage drop
across the ﬁodulator valves will be comparatively"small (approximately

1 = 1.5 kV) and alvoet entire voltage of the storage capacitor is applied

@E‘ﬁﬁﬂ’? ) /. L _as_
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in negative polarity to the magnetron cathode, as the.anode is earthed
. (Fig.32, ¢, d). The magnetron generates oscillatiéns of ultra-high frequency.
Due to relatively large capacitance of storage capacitor ¢25-5
©.125 microl)and short discharge time (0.5 microsecond), the voltage across
the capacitor during the discharge time decreases by a value not exceeding
200 V (Fig..32, b). Thus, the voltage impressed on the magnetron remains
practically constant dﬁx‘ing the pulse time.
The conducting modulator valves pass besides discharge current of
. capacitox_- C25-5, the current supplied directly by the high-voliage rectifier.
For limiting the value of the rectifier current flowing through conducting
modulator valves, current-limiting resistors R25-35 and R25-36 are included
in the circuit.
The value of these resistors is sﬁch that durir_lg the resting timé storage
capacitor C25-5 may ’pract.ically be charged up to full rectifier voltage.
. . In time intervals between the pulses charging curren_t of capacitor
C25-5 flows through milliammeter L25-2. During the pulse time capacitor
€25-5 discharges through the magnetron. In this case the instrument reads
. the magnétron average current as the electricity stored by the capacitor
during the pulse ihterv_als equals the elecfricity lost by the capacitor
during the pulse time.
The average value of the magnetron current at normal operating
conditions of the magnetron amounts to 21 - 23 mA.
Knowfing average magnetron current Ia.v’ pulse duration T and pulse

repetitioh rate T it is possible to determine the magnetron pulse current.

According to equation Ibulse= Iav T « In this case: T = 0.5 microsecond
& T -
1
T = 875 sec.
. 533 microseconds. Hence the magnetron current during the pulse will bes
| L1 e533 -3 )
Ipulse-' Iav. X 0.5 ° 22 x 10 ° x 1066 = 23.5 Amp.

To provide the proper pulse wave-form of high-frequency oscillations

| produced by the magnetron, the wave-form of the pulse produced by the

{D_ | gEﬁ@ﬁ BN ./modulator must
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modulator must approach the square wave-form. For this purpose a number
. of correcting elements is placed in the modulator circuit.

To increase the steepness of the pulse trailing edge the grid circuit
of the modulator valves includes choke L25-1 (2.5 mH) and in parallel with
the magnetron - choke L25-2 (5 mH).v Choke L25-2 serves to increase the
steepness of the voltage pulse trailing edge on the magnetron cathode. The
choke ensures more rapid discharge of the capacitance existing between the
magnetron cathode ciréuits and earth (capacitor Cp see Fig.31) after the

. modulator valves have been cut off. By the time me modulator valves aré
cut off, the current in the choke amounts to rather a large value (of the
order of 2.2 A). With the valves cut off this current ensures rapid
discharge of the stray capacitance between the magnetron cathode and earth,
its value is not diminishing with time but, on the con’crary9 increases
untll the voltage between the mamnetron cathode and earth falls practically

‘ to zero.

After that the current in the choke begins decreasing whereas the
voltage on the magnetron cathode starts increasing, being positive in

. relation to earth.

Thus, damped bsoillations should deyelop in the circuit formed by
choke L25~2 and the stray capacitance: magnetron cathode - earth (Cp).

" During negative half—periods of this damped A.C voltage high-frequency
oscillations might be regenerated on the magnetron cathode. To damp
spﬁrious_oscillations in the circuilt énd thereby prevent regeneration of
high-frequency oscillations damping diodes V25-4, V25-5 and V25-6 (kenotrons,
type B—O°1/40) are connected in parallel with the magnetron. During the
positive half-wave the diodes shunt the oscillatory circuit and the spurious

. ‘ oscillations are guenched. Fig.33 shows voltage pulse wave-forms on the
magnetron cathode for three vefsions of thejcircuit: with inductance (L25—2)

without diodes, with diodes without inductance, and with diodes and

SWEF | + o +/Choke L25-1
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Choke L25-{ increases the steepness of the pulse trailing edge on the
. v grids of the modulator valves, thus ensuring a most rapid discha:;ge of the
capacitance existing between the modulator valve grids and earth.

To check the wave-forms: of voltage pulses on the grids of the modulator
valves and on the magnetron cathode the right-hand pért of»the transmitter
cabinet front panel is provided with test connectors Zw25-3 and Zw25-4.
Voltages are applied to these connectors from capacitive voltage dividers
formed by capacitors C25-3 - C25-2 and C25-7, and capacitance between the

. screw fastening the insulator of storage capacitor C25-5 and capacitor
C25-5 itself. The screw is isolated from the chassis.

Test connectors Zw25-3 and Zw25-4 are connected with the capacitive
voltage dividers through resistors R25-34a - R25-34b'and R25-—335 which serve
to suppress spurious oscillations occurring in the pilot circuits. )

The grid and plate circuits of the modulator valves include grid

. suppressors; in grid circuits they are as follows: R25-43, R25-44, R25-45
(10_ohms each); in plate circuits R25-40, R25-41, R25-42 (10 ohms each).
The grid suppressors serve to damp spurious oscillations appearing sometimes
‘ in the circuit consisting of distributed stray inductances and capacitances,
as well as to equalize load currents in the grid and plate circuits of all

three triodes.
5. MAGNETRON OSCILLATOR

The magnetron oscillator serves to produce strong high-frequency
pulses. Frequency of the generated oscillations is within the range of
from 2700 to 2860 I\Ec/ sec, the pulse power is 250 kW, and the pulse duration
.is 0.5 microsecond. It consists of a special oscillation valve magnetron
and a permenent magne‘b between the‘poles of which the magnetron is placed.

‘ The magnetron generates high-frequency oscillations when it is
supplied with plate voltage coming from the modulator.

The high-frequency energy is passed from the magnetron to the station

antenna through the feeder line.

@EP@E? I roan o~ mamn
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Magnetron

. The transmitter unit of the radar station employs a multi-cavity

magnetron, type MI-18 (¥I-19, WI-20, NI-21).

The magnetron (Fig.34) conéists of the following main components: an
anode block, a cathode, a high-frequency lead, heater 1ea<is and a finned
body.

The anode block of the magnetron is a metal cylinder in which eight
cavities are cut connected with the central one by slots. The inner surface

‘ of the anode block consists of a combination of slots and segments.
At ultrafhigh frequencies current flows not through the metal. body of

the entire anode block of the magnetron, but only through a thin surface

layer. Tl'ius, it appears as if the block cavities were made up of a thin
conducting film of metal and the remaining \;olume of metal is an ideal
dielectric for ultra-high frequencies.

‘ Bach cavity together with a slot is va resonance circuit which is
coupled to the central cavity and the remaining circuits.

An output coupling 1§op is inserted into one of the anodé circuits to

. transmit the ultra-high frequency.energy from the ﬁagnetron to the feeder.

Due to close coupling between the resonance circuits the energy of all

the block circuits is passed to the feeder .through the high-frequency lead.

| The central cavity incorporates a powerful oxiide-coated cathode serving
as an electron emitter. The heater leads of the magnetron are insulated
from the body and are protected against damage by a glass cup.

To make cooling of the magnetron more effective the outer circumference
of the anode block is fitted with radi.ating fins which stand in the way of
the air flow forced by the fan.

. Thus the magnetron is a cylindrical two-electrode valve with a special
anode. When t1.1e magnetron is functioning it is placed in permanent |

magnetic field directed along the cathode axis.
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The nature of physical process, occurring in the magnetron‘ when high-
. frequency oscillations are generated, can be approximately presgnted as
follows:

Each electron moving in space between the magnetron anode and cathode
is acted on by three fields: permanent magnetic field H (directed along the
cathode axis)s permanent radial electric field E, (directed fron the anode
to the cathode); a high-frequency electric field (set up between the anode- (
block segments).' |

‘ The influence of electric field E upon the negative charge is
oharévoterized by the force proportional to tbé electric field intensity
FE = e k.
The iafluence of the magnetic field upon the moving charge is
' characterized by the force proportional to the intensity of magnetic field

H and charge velocity vs

. ] F, = K.v.H.

H

where K is proportionality coefficient.

- The direction of force.FE acting on the negative charge in the electric

H

on the moving charge in the direction perpendicular to velocity vector v

‘ field is opposite to the direction of intensity of field E. Force F. acts

and the magnetic intensity vector H, and therefore, changes only the direction
of the charge travel, the absolute velocity value being unchanged.

'fhe trajectories of electrons in the two-electrode cylindrical magnetron
are shown in Fig.35. |

When there is no magnetic field the electron travels along the straight
line (trajectory A); with the magnetic field iﬁtensity less than certain
value Hk, the electron trajectory differs from the straight line (trajectory

‘ B); with the magnetic field intensity exceeding value Hk called critical
| field intensity, the trajectofy is curved so that the electron withoutl

reaching the anode comes back to the cathode (trajectory ).

SE@?‘?E? | oo/ mox»‘e
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A more detailed analysis of the motion of electrons in eleciric and
. magnetic fields arranged at right angles (when the magnetic field intensity
_exceeds the critical intensity) shows that the electron trajectory is a
cycloidal path, i.e. fesembles the trajgctory of a point on the rim of a
wheel rolling over the surface without sliding (Eig.36).

As the eleofron moves away from the cathode its velocity increases and
when it reaches the cathode its velocity décreases and at the cathode surface
the velocity équals ZEeTo.

' | Thus, the motion of electrons in a magnetron with a planar cathode may
be considered as a sum of two motions,'ﬁniformly-translational motion in
the direction parallel to the anode surface; and rotary motion.
The velocify of translational movement of the electron, i.e. the average

velocity of the electron in the direction parallel to the anode surface, is

N

proportional to -5 e

. To explain the process of maintaining sustained oscillations in the
magnetron let us assume, as it is usually done when analysing the operaticn
of self—excited generators, that at the initial moment there are high—

' frequency oscillations caused in the cavities by an external cause (sharp
change of voltage, etc. ) s These oscillations whose frequency is determined
by the cavity dimensions develop at the slots of the cavities, i.e. between:
adjaqent anode segments, an alternating electric field.

The oscillatory circuits (cavities) are coupled to each other by the
segments of the anode central éavity° Therefore oscillations in any pair
of neighbouring circuits are shifted in phase by one half-period (Fig.37).

w

By selecting the magnitude of relation —%—, it is possible to set such a

velocity of the translational movement of electrons which are in the space
between the cathode and anode, that the time required for the electron to

cover the distance equal to that between the anode slots, will amount to one

half-period of resonant oscillations in the anode circuits. When the

SECRET
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mentioned condition is observed the electron, that left the cathoude and

‘ passed by the first encountered anode slot at the instant when the maximum
retardation field of high-frequency oscillations acts about the slot, will
approach the next anode slot just at the moment the maximum retardation
field also acts near it.

When the electron moves at the first slot in the retardation fiéld its

velocity is slightly decreased. This means that part of the electron
kinetic energy is spent to increase the energy stored in the circuit,

‘ i.e. to increase the energy of radio—freqﬁency osciilations, Due to a
decrease in the kinetic enefgy the electron while travelling further along
its trajectory completely loses its velocity; i.e. stops at some distance
from the cathode ﬁithout reaching its surface. Then by the action of the
positive voltage applied to the magnetron anode the electron starts moving
towards the anode again describing a second path of its cycloidal trajectory.

. When passing near the second slot of the anode in the radio-frequency
retardation field the electron gives up part of its kinetic energy this time
to the second anode circuit. £s a result the next path of the cycloidal

‘ trajectory of the electron begins at the point located at greater distance
from the cathode,; etc.

Thus passing near the anode slots and each time giving part of the
energy gained due to the anode voltage supply to the anode circuit the
electron gradually moves away from the cathode and ultimately reaches the
anode (Fig.37).

It is obvious that the eléctrén energy given up to the.oscillatory
circuits favours maintenance of sustained oscillations in them. Therefore,
the electrons like those considered above may be called the electrons moving
in a favourabie phase.

Besides these electrons, the cathode emits electrons that start moving

in an unfavourable phase. Passing near the first encountered slot this

SE@%EF , | / electron gains
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electron gains additional acceleration, as a result it arrives at the
' cathode surface with appreciable velocity and is absorbed by the cathode.
Therefore, the electrons leaving the cathode surface in the unfavourable
: phase gain accelération in the radio-frequency field.onoe.. The electron
transit time in the space between the cathode and the anode is much shorter
’ than that of the electron that left the cathode in the favourable phase.
Thus, the so-called "sorting" process takes place in the magnetron as
a résult of which at any moment the inter-electrode space of the magnetron
. contains much more electrons moving in the favourable phase than those
moving in the unfavourable phase.
| A more dutailed analysis shows that the radio-frequency field component
| perpendicrlar to the anode surface also furthers bunching of electrons into

clouds around those moving in the most favourable phase.

1 Thus the density of electrons moving in the space charge is not uniform.
‘ The space charge regions with the most heavy density of electrons take the
form of a spoked wheel which rotates about the cathode (Flg. 38). The
space charge spokes rotate in synchronism with oscillations of the anode
| ‘ block electromagnetic field. Tach spoke of the space charge passing the
anode slote encounters maximum retard.ativon radio-frequency field and gives
up part of the energy of its electrons to the oscillatory circuits thus
maintaining sustained oscille:tions in the circuits.
The magnetron, type MI-18 (MI-19, MI-20, MI-21), employed in station
- SON-9 operates under pulsed conditions.  The magnetron anode is earthed.
The cathode is fed with negative voltage ‘pulses. The frequency of the

magnetron generated oscillations is determined in the main by dimensions of

the cavities but in narrow limits it may be varied depending upon the

magnetron mode of operation.
For optimum mode of operation the magnetron cathode should be furnished
with pulses of 20 — 22 kV, whereas the magnetic-field intensity should

amount to 1900 oersteds. In these conditions the pulse current through

gm@ﬁ’ - . ./the magnetron
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the magnetron is 23.5 A.
. When the ratio of the period of pulse repetition to the duration of

the pulse (T) is 1066, then the average value of the current through the

2

magnetron is 22mA.

Permanent Magnets

To create a magnetic field required for the magnetron operation.use
is made of pérmanent magnets fabricated from magnico alloy.
The magnets are compwised of two horn-like poles 2 (Fig,39) between
. which magnetron 4 is placed. Both poles are secured on steel plate 5
having low magnetic resistance.

The poles are placed opposite to each other and the gap between them
can be varied with the help of a wérm gear when rotating knob 1 situated on
the magnet plate.

'The plate with the magnets is attached to base 9 which in its turn is
secured to the antenna pedestal foundation. Fixed to the same base by
three thumb-screws is plate 6 which mounts the magnetron. The magnetron
is located in the gap between the poles in such a way that the lines of
‘ force of the magnetic field built up by' he magnets are in parallel with the

magnetron cathode.

The average value of the magnetic‘field intensity must make up
1800 oersteds, but the value may vary fornvarious magnetrons.

The required value of the magnetic field intensity is provided during
tuning by rotating the gap control knob acédrding to instruments Pp25-2
(ixﬁ.AGNETRON CURRENT) and Pp25-1 (JIGH VOLTAGE) situated on the front panel

of the modulator-oscillator unit.
6. RECTIFILRS

. The modulator-oscillator unit accommodates three rectifiers as followss
a rectifier +4000 V, a rectifier -1400 V .and a high-voltage rectifier for

22 kV.

SE@RH os ./’I‘he rectifier;

- .

ed f
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The rectifier, +4C00 V, is a plate voltage supply of the driver second

_ . power ampli'fier valves. The rectifier is based on a full-wave circuit

using valves V25-9 and V25-10 (kenotrons; type VU-111-D).

The rectifier circuit includes plate transformer Tr25-4, heater
transformer Tr25-5 (Fig.40) and filter capacitor C25-8. To protect the
rectifier from overloads, overload relay R25-4 is placed in its negative
c-ircuit° This circuit also includes undervoltage relay P25-8 which will
be dealt with in section 7 of the present Chapter.

| ‘ The &alue of the rectifier voltage is checked by instrument Pp25-3
marked VOLTAGE CHECK (with switch W25-4 in position +4000) located on the
front panel of the modulator-oscillator unit.
| When the rectifier voltage is normal the pointer of instrument Pp25-3
| should come to set between two red marks on the instrument scale.
Placed in the circuit of instrument Pp25-3 are series resistors
. _ R25-48 ~ R25-H3 and potentiometer R25-30, which serves to set 'bhe'instrument
pointer in thé middle between the red marks at the rectifier rated voltagé
of +4000 V.

. - The rectifier, -1400 V, produces negative bias voltage applied to the
grids of the modulator valves. The bias rectifier is based on a half-wave
circuit using valve V25-83; type VU-111-D (Fig.'41 ) |

The rectifier circuit includes plate transformer Tr25-9 and heater
transformer Tr25-10. Capacitors C25-1 and C25-6 are used as a filter.

From the mid-point of the divider fofmed by resistors R25-37 and
R25~38, the voltage of -820 V ig applied through resistor R25-39 and connector
Zw25-8 to the keep-alive electrode of the antenna change-over switch T.R. cell?
donnected in series with resistors R25-37 and R25-38 is the coil winding
of undervoltage relay P25-3, which overates to close its contacts in the
interlocking circuit of magnetic starter P25-1 only after. the voltage at the

bias rectifier output has reached a value of about -1400 V (See Section T

of the present Chapter). ggﬁ%ﬁ
, d
++./The rectifier
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The rectifier voltage value is checked by insfrument Pp25-3 (VOLTAGE
. : CHECK) with swi.tch W25-4 placed in position -1400.
| WWhen the rectifier voltage is normal the pointer of instrument Pp25-3
should come to set between the two red marks.

Placed in the circuit of the instrument are resistors R25-46, R25-58
and potentiometer R25-29 which serves to set the instrument pointer between
the red marks.

The high-voltage rectifier, 22 kV, is used to place charge on storage

‘ capacitor C25-5 which stores the erergy to supply the magnetron oscillator.

The high-voltage recfifier employs a voltage doubling circuit (Fig.42)
and contains the elements as followss

a transformer unit (nigh-voltage plate transformer Tr25-6 and heater
transformer Tr25-8) with 'birvo\kenotron% type W=0.1/40 (V25-11, V25-12);

capacitors 025-9 and C25-10;

potential regulatof Tr25-7 (in stations of earlier design an auto-
transformer or a voltage regulator is used) for continuous variation of
voltage across the primary winding of high-voltage transformer Tr25~6.

‘ The potential regulator is provided with one primary and one secondary .
winding. The primary winding is arranged on the rotor of the poten'\tialv
regulator and the secondary winding — on the stator. The rotor can turn
with regard to the stator, which results in changing the coupling of‘ the
stator and rotor windirgs. This in turn causes the change in voltage taken
from the secbndary winding of the potential. regulator.

The value of voltage applied to the primary winding of high-voltage
transformer Tr25-6 and consequently the vélue of the rectifier output voltage
is adjusted by means of potential regulator Tr25—-7‘w}iose control knob

’ i DECREASE — INCREASE is situated on the front panel of the modulator-
oscillator unit.

The rectified voltage is taken off capacitors C25-9 and C25-10. The
negative pole of the rectifier is earthed through relay P25-5 which protects

__fvom_overloads. CEMALT
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The réctifier voltage doubling circuit consists of a series combination
. of two half-wave rectifiers, both rectifiers using one secondary winding of
the plate tfansformer.

One of the half-wave rectifiers is based oﬁ the secondary winding‘of
transformer Tr25-6, valve V25-11 and capacit§r C25-9. | The positive
terminal of this rectifier is in point a, the negative terminal is in point
h. The second rectifier is based on the same secondary winding of
transformer_Tr25—6, valve‘V25~12 and4capacitor €25-10. The positive

. terminal of the second rectifier is in point b, while the negative one in
point c.

Thus, the total Voltége of both rectifiers, i.e. double voltage, is
obtained tetween points a and b. 'This cifcuit‘functions as follows:

Suppose, that at a certain instant the voltage polarity across the
secondary winding of transformer Tr25-6 is such, that the plate of valve

. V25-11 is fed with the positive voltage. By the action of this voltage,
the current flowing through valvevV25—11 charges éapacitpr C25-9 to a
voltage approximating the voltage of the secondary winding of transformer

‘ Tr25-6. Du.r.ing the next half-cycle, when the negative voltage is applied,
capacitor C25-10 charges through valve V25-12. This capacitor will charge
to a voltage approximating to that of the secondary winding of transformer
Tr25-6, During the period when neither of thevcapacitors charges both
of them connected in series are discharging to the load which is under
-double voltzgs as compared with the voltage across the secondary ﬁinding
of transformer Tr25-6.

The high-voltage rectifier voltage is checked by instrument Pp25—1
(HIGH VOLTAGE) connected invseries with a chain of series resistors R25-1 -
R25-25 making up approximately 15 megohms in all. The chain of series
resistors is supplied with a half of the rectified voltage taken off
capacitor C25-10. The scale of instrument Pp25-1 is gradvated to measure

full voltage of the high-voltage rectifier..

SEOREY | | ..»/To protect
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To protect the operating personnel against possible shocks by high

. voltage provision is made in the transmitting system for door interlocks
W25~5 - W25-10, isolating the high-voltage rectifiers when the interlocking
circuit is disconnected.

To protect the transmitting system elvements against excess currents
provision is made for a definite sequence of connection of gseparate elements,
their maximum protection and emergency switching.

7. CONTROL, INTERLOCKING
' _ AND SIGNALLING CIRCUITS OPERATION
| Operation of the Control Interlocking and signalling circuits.
‘ The control, interlocking and signalling circuit of the transmitting
system are shown in key diagrems of the driver and modulator-oscillator as
well as on diagrams of control, interlocking and signalling circuits
| presented in Figs 43 and 43a (See Album). In Fig.43 a (see Album) aré shown
’ ‘ the control, interlocking and signalling circuits of the sets of earlier
| design. |
From contact block P113~1 of the control panel the mains voltage of
. 220V, 50 c.p.s. is applied to block P125-2 of the transmitting system. The
mains voltage of 110 V, 427 c.p.s. is fed to contact block P125-1 from blocks
P113-5 and P113-6.
| With switch W25-1 disconnected all the circuits of the transmitting
system are de-energized. When the switch is on the mains voltage of
220 V, 50 c.pe.s. is applied through its contacts 5-6, 7-8 and 9-10 to
transformers Tr25-1 and Tr25-2 for heating the modulator valves and damping
diodes; to dial lighting l‘amps 725-20, 425-21 and Z25-22, electric motor
M25-1 of the fan cooling the magnetron and modulator valves as well as to
‘ connector Zw25-10 for supplying the cooling fan motor in the transmitter
| cabinet.

~-._Simultaneously, the mains voltage of 110 V, 427 c.p.s. is applied

through con‘tact 1~2 and 3—4 of switch W25-~1 to transformers Tr25-10

ﬂ!@w o ./and ’Pr25-5
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and Tr25-5 for heating the kenotron of the —1400 V rectifier and valves
. of the +4000 V rectifier to transformers Tr25-8 and Tr25-3 for heating the
high-voltage rectifier valves and magnetron:respectively, to transformer
Tr25-11 for heating the‘eleotron time relay valve, to pilot lamp N25-13
(MAGNETRON HEATING) and through contacts 15 and 16 of connector Zw25-1 to
transformers Tr23-5 and Tr23-3 for heating the driver valves and -230 V
rzctifier, respectively. | v
Thev bias rectifier voltage (-230 V) is applied to valve V25-23 of the
. electron time relay. In 45 seconds, the plate current of valve V25-23
causes individual point relay'P25—6 to close its working contacts.

Thus,; witu switch W25-1 on, voltagé is applied to heater'transformers
of all valves of the transmitting syétem; to the fan motors, the bias rectifier
transfofmerg and the electron time reiay;

In stations of earliér design ﬁse is made of eléctromechanical relay

‘ P25-6 which is fed by 220 V, 50 cipis. A.C. mains.
The electron and electromechanical time relays are deséribed below.
When the time relay operates, white pilot lamp N25-14 (TTME RELAY) comes
‘ on indicating that voltage may be applied to the modulator valve bias
rectifier and to transformer Tr23-4 in>the driver unit. These voltages are
switched on by button W25-2 ON, BIAS, SCREEZN.

Pressing button W25~2 closes the supply circuit of magnetic starter
P25-15 but the latter operates only in case the contacts of door interloqks
W25-5, W25-6, W25-7, W25-8, W25-9, W25-10 are closed (in stations of earlier
design including the contacts of relay P23-1 located in the driver unit).

When magnetic starter P25-1 operates, green pilot lamp N25-15 (BIAS and
SCREEN) comes on, the mains voltage of 110 V, 427 c.p.s. is applied to plate
transformer Tr25-9 of the bias rectifier -1400 V and through contacts 11 and
12 of connector Zw25-1 to transformer Tr23-4 accommodated in the driver units

the mains voltage of 220"V, 50 c.p.s. is applied to the electromagnet coil

SEGRET
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winding of relay P25-T7 which opéfates to open the discharge sircuit of
. capacitors .025—9, 025~10.and C25-5. |

When the modulator valve bias rectifier, ~1400 V, is on, its output
voltage causes relay P25-3 to operate. The relay contacts close the
interlocking circuit of magnetic starter P25-1. After the starter and the
relay have operated, button W25-2 ON BIAS AND SCREEN may be released, since
the coil winding of the starter electromagnet is closed through the starter
interlocks "A" and "B", normally closed contacts of overload relay P25-4

. (as well as contacts of overload relay P25-9 in stations 6f earlier design),
contacts of relay P25-3 and button W25-2.

Pres'sing any of buttons W25-3 (ON, HIGH VOLTAGE) located or; the frontv
panel of the modulator-oscillator unit or button W4-5 situated on the front
panel of the range mechanism unit, closes the supply circuit of the
electromagnet coil winding of starter P25~2 and causes the latter 1o operate.

. When the magnetic starter operates red pilot lamp N25-16 (HIGH VOLTAGE)_K
comes on and the mains voltage 110 V, 427 c.p.s. is applied to transformer
Tr25-4 of the rectifier (+4000 V), potential regulator Tr25-7 and through
‘ _ 7 the latter to high-voltage plate transformer Tr25-6.

When the rectifier (44000 V) is on, its load current causes undervoltage
relay P25-8 to close the interlocking circuit of magnetic starter P25-2 with
its contacts.

After the starter and undervoltage relay have operated; the high-
voltage button may be released since the supply circuit of the starter
electromagnet coil is closed through the "starter interlocks "A'" and "B",
contacts of undervoltage relay P25-8 and normally closed contacts of over—
load relay P25-5 (as well as the contacts of overload relay P25-8 in stations
of earlier design).

. Note: Stations of earlier design are not provided with undervoltage

relay P25-8. The same reference number stands for an overload

SE&RE? .»+/relay which
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relay which isbconnected into the primary circuit of transformer
. ' Tr25-4 of the +4000 V rectifier.

The interlocking circuit.of magnetic starter P25-2 is closed by contacts
of relays P25-5 and P25-8. Opening'of contacts of either relay causes
bfeaking of the supply circuit of the electromagnet coil winding of starfer
P25-2 whose main contacts disconnect the supply of the high~voltage rectifier
potential regulator Tr25-T7 and transformer Tr25-4 of the +4000 V rectifier.
The red pilot lamp N25-16 (HIGH VOLTAGE) goes out.

. Thus, with contacts of relays P25—5 and P25-8 opened, the high-voltage
rectifier voltage and the driver output power amplifier plate supply are off.
The same will result from the operation of overload relay P25-4, from
opening of contacts of relay P25-3 and of door interlocks W25-5, W25-6,
W25-7, W25-8, ‘1;125—9 and W25-10. |
In stations of earlier design VOitages from the high-voltage rectifier
. and +4000 V rectifier will be switched off during operation of overload
relay P25-9 and opehing 9f contacts of relay P23-1 located in the driver unit.

When contacts of relays P25-3 and pP25-4 or (in the sets of earlier

‘ design, P25~9 and P23-1) or contacts of door intetlocks W25-5 - W25-10 are
open, only magnetic starter P25-1 is disconnected, because the contacts of .
the above relays and door interlocks are placed in the supply circuiﬁ of
the electiromagnet coil winding.

In this case the main contacts of magnetic starter P25-1 disconnect
the supply of transformer Tr25-9, transformer Tr23-4 in the driver unit,
the electromagnet coil windings of relay P25-7 and as a result green pilot
lamp N25-15 (BIAS AND SCREEN) goes out.

Thus, qpening of contaetg of any relay (P25-4 and P25-3 or in the sets

»of earlier design also the relays P25-9 and P23-1) or one of the door intérQ
locks results in disconnection of magnetic starters P25-1 and P25-2 and
consequently in disconnection of all the rectifiers of the transmitting

system, except for the bias rectifier, -230 V, located in the driver unit.

S\Eﬁ%ﬁ | «+./When the
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When the electromagnet coil windings of relay'P25—7 are de-cnergized
. ité operatipg contacts, through which capacitors 025—9; A025—1O> and C25—5
are charged, close. | (
Pdtential regulator Tr25-7 Whose voltage is fed to the primafy winding
of plate transformer Tr25-6 of the high-voltage rectifier is controlled by
the knob situated on the front panel of thé modulator-oscillator unit.
Wheg turning the potential regulatbr knob ¢lockwise the voltage
applied from the autotransformer to the pfimary winding of plate transformer
‘ Tr25-6 increases, therefore, the rectified véltage rises. When tuxjning'the
potenfial regulator knob counter-clockwise the voltage from the high—vbltage
rectifier decieases. To 1limit the turning angle of the potentiai—fegulator
roter mecbanical stops ére arranged on the rotor textylite gear in two

extreme positions of the potential regulator.

Time Relay
. The time relay serves to close one of the branches of the control,
interlocking and signalling circuit of the transmitting syétem with a tiﬁe
delay of 45 sec. The presence of the time relay makes it possible to warm
‘ up the cathode of all valves inv the transmitting system before switching on
the plate voltages.
The tfansmitter unit employs an electron time relay based on valve
V25-23 (6N8S). In sets of earlier design there is used an electromechanical
time relay P23-1. |

Electron Time Relay

A1l elements of the electron time relay are mounted on a plastic board

with a metal case. The general view of the electron time relay is shdwn

in Fig.44, a, and the key diagram - in Fig.44, b. '

. - The electron time relay is supplied by the driver bias rectifier, -230 V.
Heater transformer Tr25-11 is fed with a voltage of 110 V,427 c,ﬁ.s. After

switch W25-1 has been on, 110 V, 427 c.p.s. are applied to transformers

SECRET
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Tr25-11 of the electron time relay and Tr23-3 of thebbias rectifier, -230 V,
located in the driver unit.

By the action of the rectifier output voltage a small plate current
flows through vaive V25-23 of the electron time relay. The current
circuit is closed through the electromagnet coil winding of individual point
relay P25-6, valve V25-23 and resistor R25-60. A voltage drop of definite
rolarity is developed across resistor R25-60 (Fig.44, b). Capacitor
C25~19 is not able to charge instantly and this voltage will appear to be
impressed between the cathode and the grid of the valveg.minus on the grid.
This results in ¢lipping the current flowing through valve V25-23 of the
electron time relay, and consequently through the electromagnet winding of
individual point relay £25-6.

This current is ipitially smaller than the operating current of the
individual point relay P25-6. As charge is placed on capacitor C25-19
(through resistors R25-61, R25-62 and R25-63) the negative voltage between
the cathode and control grid of valve Vé5—19 decreases, while the current
flowing through the valve and éonsequently through the coil winding of thé
individual point relay electromagnet increases. At the instant when the
current flowing tﬁrough the coil winding of the individual point relay
electromagnet becomes equal to the operating current of the relay; the latter
will operate to close its normally opened contacts in the sﬁpply circuit
of magnetic starter P25-1.

The value of the time constant for the charging circuit of capacitor
€25-19 and resistor R25-60 is selected in such a way that the time relay
operates 45 sec. after switch W25-1 has been on.

When switch W25-1 is off the operating contacts of individual point
relay P25-6 come back to the initial position.

The circuit of the electron time reléy enables -to increase the time
delay of the relay operation. To extend if from 45 sec. to 2 min. resistor

R25-63 should be removed from the circuit.

SEEREF ces / Electromechanical Relay
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Electromechanical Relay

. The general view of the electromechanical time relay is shown in
v Fig.44, c.

The circuits of the electromagnet and motor of the time relay are
supplied with 220 Vs 50 ¢.p.s. A.C.

When current fldwé through the coil of electromagnet 1 its core is
pulled into the coil and turns the upper lever shaft coupled to it. In
this case sprocket 10 of the upper lever comes in mésh with- sprocket 4 of

‘ the reduction gear. Simultaneousjy with switching on the electromagnet
motor 2 whose wiéding is in parallei with the coil of the electromagnet
sfarts operating. The motor rotation is imparted through the reduction
gear and two sprockets 4 and 10 to lever 8 which, while turning about shaft
14, reaches the bent lug of dial 5 and on further rotation carries the dial
along vith ite A stop secured on the dial disc presses latch 11 which releases

‘ lower lever 7. The lower lever acted on by compressed spring 9 moves down
hus closi£g contacts 12 of the external circuit and opening contacts T3
placed in the supply circuit of the electric motor winding.

‘ ' With the electromagnet voltage supply switch off the entire system is
returned to the initial position by the action of the springs.

The relay is set at the required operation time delay by incfeasing or
decreasing the length lever 8 travels until it engages the bent lug of the
dial.

To set the relay at the required operation time delay it is neceésary
to pull the spring so that its bent end slips out of the slot in the-dial
disc. Then the disc should be turned to match the spring bent end with

the dial slot against which the required time delay is marked.

i e
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Chapter 3

=

} . ANTENNA-FEEDER SYSTEM

1. GENERAL

The antenna-feeder system of the station is designed for conveying the
| : electromagnetic energy produced by thé magnetron, fadiating it in a narrow
! beam into space as well as for picking up returned signals (echoes) and for
‘ passing them to the input of thé receiving system.
i The antenna-feeder system ensures unlimited scanning of space in
| .
| . azimuth and in sector and from -0-50 to +14-50 in elevation.
| The antenna-feeder system is hemetically sealbed. When the station
is operating the dried air forced under a low pressure by the automatic air
dryer (dehydrator) flows through the antenna-feeder system. This air
enables the equipment to operate in any weather ana causes the feeder line
to pass the required power of electromagnetic energy with the minimum
‘ ‘ attenuation in the feeder.
. The antenna-feeder system provides fors
- channelling of electromagnetic energy during transmission or reception
‘ within the band of operating waves of the Station: 10.5 to 11.1 cmg
- transmissiop of peak power up to 250 kW during the pulse at travelling
wave ratio not less than 0.65;
- forming the radiation pattern. Width 0-83, determined as an angle
between the dir;ections in which the radiation power equals one half of the

power radiated in the direction of meximum radiation power.
2. BLOCK-DIAGRAM OF ANTENNA-FEEDER SYSTEM

The antenna-feeder system, a block-diagram of which is shown in Fig. 45,
~consists of the following basic parts:
. antenna 1 which includes é.r.\.tenna head 11 and parabolic reflector 12;
radio~-frequency coaxial feeder 2 made of separate sections coupled with

the help of fixed and rotating joints 7, 9, 103

§Egﬁg cee / antenna change-over
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antenna change-over switch 3, which includes the transmitter T-junction

' 6 and T.R. cell 4.
The antenna is designed to radiate electromagnetic energy in a narrow

beam into space as well as to piék up the signals returned from the targets

within the range of this beam.

A single antenna is used for reception and transmission.

The antenna head is arranged in front of the parabolic reflector in

such a manner that its radiation centre is in the focal plane of the

. reflector. _
' To create cone scanning employed during automatic tracking of the target,

the radiation pattern axis is slightly tilted in relation to the geometrical

axis of the parabolic reflector and traces of cone surface during the antenna

head rotation.
The radio-frequency coaxial feeder is designed to convey electromagnetic

. energy with minimum loss from the transmitter to the antenna and from the

antenna to the receiver.
Two rotating joints - azimuth joint 7 and elevation joint 9 called

slow rotating‘joints are similar in design. They provide passing of

electromagnetic energy through the feeder during rotation of the antenna in

‘ azimuth and elevation.
The third .rotating Jjoint 10 called a fast rotating joint slightly

differs in design from the above two. It provides transmission of energy

when the antenna head rotates at a speed of 1440 r.p.m. which is required

from damage by the transmitter powerful pulse.

The antenna change-over switch consists of T.R. cell 4 with a spark

. gap and transmitter T-junction 6 which is represented by a T-connection of

the coaxial feeder, which connects the feeder with the magnetron and T.R.

c,ell.\:

. @ggﬁﬁ «++/During the

Declassified in Part - Sanltlzed Copy Approved for Release 2013/09/19 : CIA-RDP80T00246A031400010001-1

for cone scanning of the beam.
The antenna change-over switch is designed to protect the receiver




ﬁ A e = ‘
Declassified in Part - Sanitized Copy Approved for Relggse 20;1 3/09/19 : CIA-RDP80T00246A031400010001-1

oF v ¥ Vil

- 63 -

During the transmitter operation T.R cell 4 keeps the transmitter:
. powerful pulses out of the receiver thereby protecting the receiver from

damage. | ’

In the transmitter resting time the T.R. cell performs the function of
the input circuit that couples the antenna to the receiver.

3. BASIC NOTES ON THEORY OF ULTRA-SHORT WAVE
TRANSMISSION LINES
In ultra-short wave transmission lines energy propagates along the line
' in the form of voltage and current waves.

Energy propagates along the line with the final velocity. During one
oscillation cycle energy moves along the line to cover the distance equal
to the wave length.

In case energy moves along an infinite liy_ne the voltage and current waves
are in phase along its entire iength, therefore, the relation of voltage to |
curreht in any point of the line remains constant and equal to the line
characteristic impedance. The characteristic impedance depends upon the
form and sizes of the line cross-secfion; the coaxial line characteristic
. : impedance is determined by the formula

. p-1381g -g— ’
where D is the internal diameter of the external tube,
d is the external diameter of the internal tube.
The radio-frequency feeder used in ‘bhe station is a coaxial line with
dimensions: D = 20 mm;, d = 9 mmy its characteristic impedance is
© 20

p =138 1g -5 = 48 ohms.

In the real finite line loaded by resistance equal to the line
characteristic impedance the same wave propagation conditions as in the
‘ infinite line occur.
If the line is loaded to a resistance unequal to the characteristic
impedance the energy is partially absorbed by the load resistance and is

SENRFT
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. partially reflected from the load back into the line. In this case two
. waves, i.e. voltage and ‘Cﬁrrent waves move along the line: one towards the
load, the other from the load, the first wave exceeding the second in
amplitude.
As a result of addition of these two waves the voltage amplitude value
periodically varies along the line.

Such a mode of operation is characterized by travelling wave ratio,

! eipressed as a relation of the ﬁinimum'amplitude value to maximum amplitude
. value. \The energy absorbed by the load will be greater with a higher
travelling wave ratio.
| The radio-frequency feeder of the station is a finite line loaded by
the antenna input resistancé which is approximately equal to the feeder
characteristic impedance.
Tﬁe antenna input resistance varies depending upon the frequency but
‘ the travelling wave ratio within the band of operating waves (10.5 to 11.1 cm.)
in the antenna-feeder system is not less than 0.65.
In an open or short circuited finite line without loss (or with small
‘ loss) complefe reflection takes place (Fig.46). In this case the amplitude
of the voltage wave travelling from the generator to the load is equal to
the amplitude of the wave travelling back over the line towafds the'generator.
" Therefore, their addition produces voltage and current standing waves in the
line.

This mode of operation is characterized by sine variation of VQltage
amplitude value and cosine variation of current amplitude value along the "~
line.

At the end of the short-circuited line the voltage equals zero, the

. current is maximum; at a distgnce of —%— from the end of the line the
voltaée is maximum and the current equals zero. Consequently, the input
resistance of the quarter-wave short-circuited line which equals tﬁé voltage-

to-current ratio is infinitely large.

QHEEQET ' ‘ | .../It follows
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It/follows from this that the. quarter-wave short-circuited iine,
connected to the generator,'is equivalent to an insulator as regards its
effect on the fundamental wave iength, because the line input resistance
equals infinity. This property of the quarter-wave short-circuited lines
is the basis of the action of T-shaped insulators of the antenna feeder
system.

At the end of the quarter;wave open line the current equals zero while
the voltage is maximum; at a distance of ;%— from the line end the voltage
equals zero and the current is maiimum. Consequently; the resistance at
the input of the quarterfwave open line equals zero.

The quarter-wave open line, connected to the generator is equivalent

by its action on the generator on the fundamental wave length to a short-

-circuit since the line input resistance equals zero.

This characteristic of the open quarter-wave line is used to produce
a short-circuit between the conductors in rotating joints of the antenna-
feeder system where difficulty is experienced iﬁ establishing a direct
contact between the conductors.

4; RADIO-FREQUENCY COAXIAL FEEDER,
ITS ATTACHMENT AND DESIGN

The radio-freguency feeder serves to paés powerful electromagnetic
waves from the magnetron to the antenna and the signals picked up by the
antenna to fhe receiver.

The design and attachment of the redio—frequency feeder is shown in
Fig.47.

Branched off magnetfon 14 is sleeve 11 connected to T-junction 12 of
a transmitter coupler to which feeder section 1 is attached. The feeder
runs inside the trensmitter.

In the centre of the'bottom part of the antenna pedestal foundation

the feeder has azimuth slow rotating joiﬂt 2. From the rotating joint the

| ggﬁ%ﬂ' «++/feeder runs
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feeder runs through the hollow shaft of the antenna pedestal and at the
right angle goes %o elevatioﬁ slow rotatipg joint 5.

Fast rotating joint 7 isllocated after tilted feeder 6.

Movable part 9 of the fast rotating joint is placed inside the frame
of reference voltage generator 8, further the feeder runs through the
generator hollow shaft to antenna head 10, the‘generator motor and the
antenna head being on é'common shaft and are driven by one electric motor.

Bach section of the radio-frequency feeder is made of two brass tubes,
one tube being placed inside the other (coaxial line).

The current-conducting parts of the coaxial line are the inner surface
of the outer tube (20 mm in digmeter) and the outer surface of the inner
tube (9 mn in diameter). These dimensions are optimum and ensure passing
of the required power at minimum energy losses in the feeder.

The electromagnetic energy conve&ed by the coaxial line is enclosed
in the space between the inner and outer conductors of the line, therefore
no radiation loss can take place.

The inner conductor of the line is fixed in the middle with the aid of
quarter-wave short-circuited coaxial line sections.

_The input impedance of a short-circuited section of a coaxial line is
infinity if the length of the section equals 222 of the fundamental wave-
length A0, If such a section is connected in parallel to the line, it
will not act as a shunt for the fundamental wavelength, i.e. it will act
as a good insulator. \

If the magnetron wavelength is slightly altered, the input impedance of
the quarter-wave insulator will decrease, the quarter-wave insulator will
shunt the transmission line, and part of the energy will be reflected from
the junction.

In order to obtain a stabilized operation of the magnetron, and full
transmission of energy along the line, the travelling wave ratio in the
line should be not less than 0.65 for the whole range of the operating

frequencies of the set (10.5 - 11.1 cm.). ereprT

Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA-RDP80T00246A031400010001-1

:



B CLPBET
Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA-RDP80T00246A031400010001-1

- 67 -

As the shunting effect of the insulators appears at the extreme
. wavelengths of the oloerating frequency range of the set, in the transmission
line; together with the quarter-wave insulator, use is mede of a half-wave
transformer formed by a section of the internal conductor which has an
increased diameter (Fig.48).

The half-wave transformer serves to compensate for the reflection
introduced into the line by the quarter-wave insulator at the wavelengths
which differ from the fundamental.

| ‘ _ The input impedance of the half-wave transformer equals the load
impedance connected to its output. That is why for the fundamental
frequency the hLalf-wave transformer has no influence upon the energy
transmission along the line.

Therefore, for the fundamental wavelength neither the insulator, nor
the transformer introduce any reflections iuto the line.

. If the feéder operates on a wave length below the fundamental one
(A = XO) the insulator inserts reflection in the line as its input
impedance is not infinitely large. In this case the insulation is a

. capacitive load connected to the feeder.

In this case the half-wave transformer inserts reflection in the line
as well. Its action is equivalent to that of an inductive load and with
the half-wave transformer acting on the feeder line, their action is Béigg.
compensated mutually and partially.-

Similarly compensated are reflections inserted in the line by the
insulator and transformer on wave lengths above the fundamental one
(N w vKO). In this case the insulator is equivalent to the inductive
load;_while the transformer in the first approximation is equivalent to the

‘ capacitive load.

When the diameter of the transformer inner Vconductor is properly

selected reflections in the line (mismatch) caused by the quarter-wave

SECRET -
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ingulator and half-wave transformef méy be mu%uaily compensated for within
' the entire operating wave vand of - the b8 tiom:

n Besides T-shaped insulators, bend-type insulators (Fig.49) are used in
the feeder bends of the antenna-feeder system. This insulator consists
of a short-circuited stub (quarter-wave insulator) 2 and quarter-wave |
transformer 4.

The quarter-wave transformer which is essentially a line section with
a decreased diameter of the inner conductor, affects the operation of the
‘ feeder on the fundemental wave (inserts reflections). To compensate for
this affect the length of the short-circuited stub is made smaller than
—éft . Such design of the angle provides compensation of reflections
throughout the entire operating wave band of the station.
To rotafe the antenna in azimuth and elevation and the antenna head
without disturbing electrigal coupling in the feedef provision is made for
‘ two slow and one fast rotafihg' jo'in%;, |
The design of the eleyétion slbw rdtatihg joiht is shown in Fig.50.
The inner races of ball bea;ings 1 and 2 are.connected with the outer
. ~ conductor of the right-hand part of the feeder by means of nuts 53 the
oufer races placed in body 14 are attached to the outer conauctor of the
left-~hand part of the feeder by means of screws 3. The outer conductors
are centred by ball bearings 1 and 2, while the inner conductors - by pin 6.

The azimuth slow-rotating joint is similar in design to the elevation
rotating joint and is shown in Fig.51.

Such design of the rotating joints makes possible rotation of one
feeder part in relation to the other without disturbing ﬁheir centring. In
this case no longitudinal displacement of one part with regard to the other
is possible.

To provide hermetic sealing the slow-rotating joints are furnished

with rubber washers 8 and packing collaré T.

ggg%ﬁ ‘ e+o/The design
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The design of the fast rotating joint is illustrated in Fig.52.

. Feeder rotating joint 1, located Vin the inner compartiment of the reference
voltage generator shaft, rotates together with the shaft. The feeder
fixed section 9 is rigidly coupled fo the generator frame by means of
screws 4 and flange 3.

Hermetic sealing of the fast rotating joint is provided by rubber
washers 6, 7 and packing collar 5. o

The inner and outer conductors of the rotating joint and fixed section

‘ of the f"eedef overlap each other with a small constant clearance. As a ;
result the feeders are connected by quarter-wave stubs AB and BC, DE and FE
(Fig.52)5

Stub AB is & short-circuited line. Its input resistance, i.e. resistapce
in point B, equals infinity while in point A - zero.

Stub BC is a quarter—wave line opened at the end (in point B); its

| ‘ input resis-tance in point C equals zero.

Stub DE consists of quarter-wave short-circuited line DF and quarter-

wave open line FE; its input resistance in point E equalé zero; Zero
' resistances in points C and E ensure reliable transmission of energy
between the rotating joint and fixed section of the feeder.

The broad band.of thé rotating joints is provided by selecting
clearances between the current-carrying surfaces of the quarter-wave lines
opened and closed at the end.

An electric éircuit of the rotating joints is shown in Fig.54.

The radio-frequency feeder sections are connected to each other by
means of connectors whose design is illustrated in Fig.55.

The end faces of the outer tubes are slightly bevelled so that a

. reliable contact is obtained when they are conhected. Rubber washers 5
placed between the collars ensure hermetic sealing. The inner conductors

of the feeder are tightly coupled to each other by means of plug connectors.

~ SEGRET
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To prevent oxidation of contact surfaces in places of fixed connectors
. the current-carrying surfaces of the feeder conductors are covered with a

film of gold at the ends of each section.
5. ANTENNA CHANGE-OVER SWITCH

The antenna change-over switch consists of T-junction 2 and T.R cell 1
(Fig.55). |

The T-junction (Fig.56) is an intermediate link connecting the
magnetron and the T.R. cell to thevradio—frequency feeder.

‘ The magnetron oscillator is connected with arm 3 of the T-junction
with the aid of sleeve 4 with a ring nut 11 screwed on over thé threaded
part of the magnetron.

Internal conductor 12 of the coaxial output of the magnetron is
connected with the transmission line with .the aid of spring contéct He

‘ ~ Connection between the external conductors of the high frequency
magnetron output 8 and T-junction 9 is made with the aid of contact 4 of
the quarter-wave line 6 and 7, which acts in the same way as the quarter;-wave
sections of the rotating joints. Arm 2 of the T-junction is connected to

. the T.R. cell by coupling loop 10, arm 1 to ‘the transmission line leading
t‘o the antenna.

The T-junction has an attenuator 13, through which part of the energy,
required for the operation of the automatic frequency control (AFC), is
branched off., The attenuator is shaped like a wave-guide section the
length and diameter of which is chosen to ensure that the high frequency
energy of the transmitter pulse is sufficiently attenuated before reaching
the mixer of the AFC.

The dimensions of arm 3 and of the sleeve (cup) 4 are chosen in such

‘ a way that the input impedance from the side of the ’I‘—-junétion, with the
magnetron connected, equals infinity.

;-
.o ./There are
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There are therefore no reflections ﬁithin the T-junction, and the
. pulse enters the T.R. cell without attenuation. The T.R. cell is tuned
to the magnetron frequency with the aid of bolts 4 (Fig.57), and therefore
to the frequency of the pulses reflected from the target.

Inside the T.R. cell is located T—Rbswitch (short-circuiting valve) 2
containing a special gas‘mixture at low pressure. Two copper discs fused
into thé switch (valve) protrude outside the switch in the shape of two
parallel rings. The switch envelope is made of glass with small dielectrié

‘ loss at ultra-high frequencies.

The copper discs (inside the valve) carry hollow discharge cones,
whose peaks are separated by a small gap. Inside one of the cones is
located keep-alive electrode 11. This electrode is supplied through a
damping'resistor by the modulator bias rectifier with a voltage of about
-820 V with respect to the earthed cones of the discharger.

As a result a glow discharge of 100 to 200 microA is continuously
maintained between one of the cones and the keep-alive electrode. Due
to the glow discharge there is always a certain quantity of ionized gas
‘ molecules near this cone. The ionized gas between the discharger cones

faci}itates,the break down of the spark gap when the magnetron produces
oscillations.

Outer detachable half-rings 5 of the T.R. cell resonator fitted on
copper discs 10 of the discharge valve form a cavity circuit together with
the valve.

The T.R. cell Eavity circuit ié coupled to the crystal mixer by means
of coupling loop 12, while to the T-junction by coupling loop 13.

The degree of coupling of the cavity resonator with the mixer or

‘ T—j\}nction depends upon the loop area and its orientation in relation to
the resonator axis.

During reception a variable eledtrbmagnetic field is built up_in the

resonator cavity (cavity circuit) tuned to. the magnetron frequency and

i@?ﬁﬁﬁ v .../therefore. to
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therefore, to the carrier frequency of the echo signal. This field

‘ induces the E.M.F. in the mixer coupling loop.

This is the way electromagnetic energy is transmitted from the lobp
of the T-junction 1';0 that of the mixer, i.e. from the antenna to the
crystal mixer. The magnitude of the transmitted energy depends upon the
accuracy with which the cavity circuit is tuned to resonate with the
magnetron frequency. If the cavity circuit is considerably detuned,
transmission of electromagnetic energy from one loop to the other becomes

‘ practically impossiblé. Therefore the radar detection rangé is largely
dependent on the tuning of the cavity circuit and its coupling to the
receiver mixer.

The operation of the T.R. cell during reception at frequencies
approximating the resonant frequency, may be illustrated by an equivalent
diagram‘ presented in Fig.57, c.

. During the magnetron operation the T.R. cell functions differently.
Part of the transmitter pulse encrgy is passed through the coupling loop
to the T.R. cell; in this case a great A.C. voltage is developed between

. the discharger cones which causes breakdown of the gép between them. Due
to the breakdown the T.R. cell cavity circuit is detuned and as a result
the cohditions of energy transmission from the coupling loop of the T—-junct;ion
to that of the mixer are impaired. However part of the energy penetrates
to the receiver and the tube screens of the range and plan-position indicator
display a direct pulse marker.
'-'I‘o neutralize the T.R. cell affect on energy transmission towards
the antenna the length of the arm connecting the T.R. cell to the radio-
frequency feedér should ensure the infinity of the arm input resistance on
. the T-junction side with the detuned T.R. cell connected to it.
| The gap between the cones is broken down at the instant the magnetron

begins to generate and the discharge continues as long as there is generation.

. gg@aﬂf oss/After the
Nl :
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After the magnetron has stopped operating the discharge between the cones

. ceases and the cavity circuit is returned to its initial resonance state.

6. ANTENNA

The antenna is composed of a parabolic reflector and an antenna head.
The para.bolic reflector is a rigid metal structure. The paraboloid
reflecting surface is perforated to decrease its weight and wind resistance
‘without a noticeable change in rigidity and i‘eﬂecting power. .'I‘he diameter
of the reflector is 1.5 m., and the focél distance is 0.441 m.

‘ The parébolic reflector is oriented with regard to the reference
voltage generator in such a manner that its geometrical axis coincides with
the axis of tie antenna head rotation.

The antenna head (Fig.58) consists of half-wave asymmetrical dipole 1,
| reflecting disc 2, quarter-wave transformer 7 and quarter-wave bazooka 8.
One half of the dipole is attache_d to the outer conductor of the feeder, the
. other half to the inner conductor and passes. through a hole cut A:‘m the outer

conductor.

The reflecting disc is a brass disc fixed to protruding part 11 of the
‘ antenna head feeder. The feeder protruding part is a short-circuited
‘stub and serves to secure the inner conductor of the antenna feeder.

The dipole, quarter-wave bazooka and reflecting disc are placed in
polistyrene housing 6, Whicﬁ is required to make the antenna feeder
hermetically sealed.

To blow the antenna head with dry air provuision is made in the
protruding part of the inner cgnductor for hole 5 which during'operation is
closed with cap 3.

The dipole intended for radiating the parabolic reflector is connected

. asymmetrically to the radio-frequency feeder. One rod of the dipole is
directly connected to the curren’c—cérrying surface of the feeder conductor.
The other rod is connected to the current—éarrying surface of the feeder

second. conductor through the edges of the lole in the tubular conductor

3%@@ ..+/and through
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and through the tubular conductor outerAsurface elements located near the
‘ hole.
| Asymmetrical excitation of the dipole results in asymmetrical (in
relation to the axis of the head rotation) distribution of electromagnetic
energy radiated by the dipole, thus; the dipole centre of radiation being
displaced in relation to the axis of rotation towards the rod connected to
the outer conductor.

That part of radiated energy which fal’ls on the reflecting disc is

. dirécted towards the parabolic reflector. The parabolic reflector
concentrates it into a narrow beam and directs it into space. Thus, more
high gain facior of the antenna in the direction of the axis of the radiation
pattern is obtained. Due to'léakage ofvelectromagnetic energy through
the hole in the outer conductor and -due to direct connection of the
conductor external surface to one of the dipole rods high—frequenéy currents

. are developed on the outer conductor external surface. These currents may
travel over the outer conductor t’owards the parabolic reflector and distort
the radiation pattern.

. | To keep these currents out of the parabolic reflector a quarter-wave
bazooka with an input resistance equal to infinity is fitted over the outer
surface of the feeder.

The parabolic reflector concentrates the energy radiated by the antenna ‘
head into a beam, whose axis is tilted with respect to ‘the reflector axis,
because the antenna head centre of radiation is slightly displaced from
the reflector axis.

When the vantenna head is rotated the position of the beam in space
changes and its axis traces a cone surface. The radiation intensity is

. maximum in the direction of the beam axis and decreases away from the axis.

The radiation intensity in various directions is charac’teri.zed by

the radiation pattern shown in Fig.59.

S s
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T+ should be noted that at small elevations of the parabolic reflector

‘ with regard to the earth's surface, a considerable part of the energy

radiated by the antenna strikes against the earth surface, which is rather

a good reflector for ultra-short radio waves.

As a result of the imposition (interference) of radio waves radiated
into space direct from the antenna and reflected from the earth's surfaqe
the antenna radiation pattern sharply changes, and breaks (in vertical
plane) into a number of lobes.

. Consequently, with the angles between the target direction and eai‘th
surface level below 1-00 the accuracy’of the target tracking in angular
coordinates decreases and at a certain value of the angle the automatic
target tracking is out of the gquestion.

The input resistance of the antenna is matched with the output
resistance of the radio-frequency feeder by means of quarter—wéve transformer

. 7 (Fig.58) designed as a boss of the feeder inner conductor.

Tt should be borne in mind that matching of the antenna with the feeder
and inclination of the radiation pattern axis with respect to the geometrical
axis of the reflector are largely dependent upon the distance between the
dipole and quarter-wave bazooka 8, upon the distance between the dipole and
the reflecting disc as well as upon the length of the short-circuited stub
in protruding part 11 of the feeder. Therefore, any arbitrary alterations
in dimensions and mutual location of separate elemenis of the antenna head
are not allowed.

The input resistance of the antenna, dependent upon the position of
the quarter-wave bazooka and reflecting disc with regard to the reflector
as well as upon the length of the short-circuited stub, changes with the
alteration in frequency. This results in decrease of the TWR of the
antenna-feeder system.

The length of the short-circuited stub, the distance from the dipole

to the quarter-wave bazooka and reflecting disc should ensure variation

SE@REE’ eoo / of the
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of the antenna input resistance (with the change of frequency) wi*hin the
. range providing the TWR is not below 0.65. At the same time the deflection

angle of the beam axis in respect of the reflector axis is about 0-23.

Chapter 4

RECEIVING SYSTEM

1. GENERAL

‘ The receiving system serves to convert and amplify the target echo
| signals picked up by the anter;na; to a magnitude requii'ed for normal
observation of these echo markers on the screens of the range and plan-
| position indicators as well as for operation of the automatic range finder

units and the antenna positioning system.

|
The receiving system consists of a signal mixer_, an automatic
. frequency control (AFC) mixer, and three units: an intemeaiate—frequency
preamplifier; an automatic tracking channel amplifier and a range channel
amplifier.
i . .~ Both mixers are coupled with the elements of ﬁhe antenna-feeder system.
| The intermediate-frequency preamplifier unit is located in the transmitter
cabinet, whereas the remaiﬁing units ~ in the cabinet of the main control
board. .
The receiving system utilizes a superheterodyne circuit. To maintain
constancy of differential frequency of the local oscillator and the

magnetron in the course of operatioh the receiving system is provided with

automatic frequency control (AFC).
2. BLOCK~DIAGRAM

.‘ Electromagnetic pulses of ultra~high frequency (2700 to 2860 Mc/sec.)
returned from the target as echoes are picked up by the antenna. and
conducted through the antenna feeder and T.R. cell to the signal mixer

SEE%EF | .o/ (Fig.61).
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(Fig.61). The mixer is also supplied by the microwave ldcal‘oscillator
.. with voltage of sustained oscillations having a frequency which differs
from the picked-up by the value of the intermediate frequency of 30 Mc/ sec.
These two frequencies are heterodyned within the mixer to produce I.F.
voltage. This voltage, amplified by three stages (V22-8, V22-9, V22—10)
of the preamplifier loca'ted in the I.F. preamplifier unit, is applied to
the automatic tracking channel amplifier unit through the radio-frequency
cable. ’
’ The signal is furnished to the AFC mixer from the transmitter through
| a cut-off attenuator which ensures the requirsd pulse attenuation. The
AFC mixer is aiso supplied by the microwave local oscillator (V22-22) with
voltage of sustained oscillations having a frequency differing from the
frequency of the echo oscillations by the value of the intermediate
frequency of 30 Mc/sec. These two frequenciés are heterodyned within the
. mixer to produce I.F. voltage of 30 Mc/sec. The AFC mixer output is
applied to the I.F;A. inpﬁt of the AFC channel, amplified by three I.F.A.
stgges (V22&1, V22-2, V22-3) and is furnished to the discriminator
. (frequency-—sensitive detector V22-4). The discriminator produces a voltage
whose value is propoftional to the deviation of intermediate frequency of
30 Mc/sec from the rated, while the voltage polarity depends upon the sign
of drift of intermediate frequency in relation to its rated value of 30 Mc/sec.
This voltage amplifiea by the pulse amplifier (V22-5) acts on the control
circuit formed by diode V22-6 and a saw-tooth oscillator - a phantastron
(ve2~7).  The output volfage of the control circuit controls the frequency
of the klystron oscillator so that voltage of the rated intermediate
frequency of 30 Mc/sec is obtained at the output of the signal mixer.
.‘ The I.F. preamplifier unit accommodates a local oscillator (V22—22)
with stabilized rectifier -250 V (V22-14 to V22-18) and -255 V, V22-19 to
V22-21), and a +150 V rectifier (voo-11) supplying the stages of the I.F.

preamplifier and some stages of the AFC channel.
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In the automatic tracking channel the I.F. signal is amplified by four
. I.F.A stages (V1-1, V1-2, V1-3, V1-4) which are the fourth, fifth, sixth and
seventh stage of the I.F.A. of the receiving system. After the fourth
(seventh) stage the signal travels along the two channels: automatic
tracking and range channels.

The automatic tracking channel is triggered only when the very narrow
gate of 0.3 microseconds duration furnished from the range unit is acting
on the fifth (eighth) intermediate-frequency amplifier stage. Therefore,

. the automatic tracking chahnel pasces only those pulses which are
synchronized with the very narrow gate. The signal in the. automatic
tracking channel is amplified by two I.F.A. stages (V1-5, V1-6) deteéted by
the diode detector (V1-7) and amplified by two video amprlifier stages
(V1-8, V1-9). From the output of the video amplifier (V1-9) the amplified
negative pulses are applied to the automatic gain control. c‘ircuit and to the

. automatic tracking and automatic range finder units.

The automatic gain control (AGC) circuit is designed to maintain a
constant amplitude of the signal bat the output of the receiving system.

. This is required for proper operation of the antenna positioning system.

If the input signal is largely varied, the output voltage of the AGC circuit
changes the bias voltage on the control grids of the first (fourth) and
second (fifth) I.F.A. stages (V1-1, V1-2) in such a way that the level of
the receiving system output remains approximately constant.

‘Apart from the above stages, the amplifier unit of the automatic tracking
channel accommodates one I.F.A. stage of the range channel ‘(V1-11) whose
output signal is furnished' to the input of the range channel amplifier unit,
and a stabilized voltage rectifier, +120 V, (V1-12 = V1-15) %o supply some

.. valves of the I.F. amplifier (V1-1 to V1-5, Vi-11),

In the range channel amplifier unit the signal is amplified by an

I.F.4. stage (V2-1), detected by the diode detector (V2-2), amplified by

' SESRH . .»./three video
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three video amplifier stages (V2-3, V2-4, V2-5) and is conducted to the |
. range indicator uni_t, plan—pos'ition indicator unit and automatic range
finder unit.
_ The range channel amplifier unit contaiﬁs rectifiers for +300 V
(Ve-7, V2-8) and for -105 V (V2-9) which are used to supply the valves of

the given unit and of the amplifier unit in the automatic tracking channel.
3. SIGNAL AND AFC MIXERS

The signal mixer (Fig.61) is locatéd between the T.R. cell and the
microwave local oscillator and is rigidly coupled with the T.R. cell by
means of plate 11 secured with screws.

The signal mixer includes: cartridge 1 with a germanium mixer diode
(type DG-51) inserted into coaxial line 2 which is connected to the T.R.
cell by means.of s o s o & o 4 (one whole page missing) -

. To obtain the required sensitivity of the receiving system it is

‘necessary to choose an operating point with maximum steepness on the

current~voltage characteristic of the crystal diode, since in this case the
required conversion factor is provided.
. The position of the operating point is .de-termined by optimum value
of the crystal diode current which in turn is determined by the power
applied from the oscillator (as the signal power is very small and practicaily
does not affect the crystal current).
. The crystal diode current should be selected at minimum coupling Witﬁ
the oscillator and at maximum matching of the oscillator with the mixer.
Minimum coupling with the oscillator is achieved by 1lifting up capacitive
disc 7 when adjusting screw 5 is rotated counter—clockwise. The oscillator
is matched with the mixer by selecting a definite 1ength of the conne;cting
. line with the help of trombone 4.
Thus by selecting the above values the oscillator may be caused to
produce maximum power output at sufficiently‘weak coupling with the mixer

. gE&%EE : .../and at |

Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA-RDP80T00246A031400010001-1 ' .




Declassified in Part - Sanitized Copy Approved for Release 2-”013/09/19 : CIA-RDP80T00246A031400010001-1

IAGRII L)
- 80-
and at the required current of the crystal diode (optimum current value is
‘ within the range of 0.2 to 0.6 mA). This results in reduction of the signal
energy loss in the oscillator circuit. Bésides, minimum noise voltage
from the oscillator f)enetrates into the mixer.
The AFC mixer (Fig.62) is screwed on the cut-off attenuator which is
rigidly coupled with the T-junction of the feeder line by means of a nut 7.
The mixer includes: cartridge 1 with a crystal diode of the DG-S1 type,
placed in coaxial line 2, which is coupled to the cut-off attenuator with
‘ the aid of coupling loop 33 50-ohm washer 4 used to match the mixer with
the micrdwave oscillator; coupling adjusting screw 5; output connector 6
Which accommodates a R.F. filter. '
The AFC mixer is similar in the operating principle to the signal mizxer.
‘} Coaxé.al line 2 is provided with a nut 7 by means of which the mixer is

moved along the cut-off attenuator.

‘ : The cut-off attenuator comprises a section of a cy}indrical waveguide
haviﬁg great attenuation for the transmitter frequency band. The value of
the transmitter signal attenuation is proportional to the waveguide length.

‘ The signal value required for the normal operation of the AFC channel
is selected by shifting the mixer so as to achieve thg most advanté,g'epus
position of the coupling loop in the attenuator.

The matching of the coupling line of the mixer with the oscillator by
means of the 50-ohm washer makes i't possible to obtain the crystal diode
current of not less than 0.2 mA in the operating frequency band of the
station, which is enough for the mixer normal operation. The AFC mixer
should not be highly sénsitive, as the value of the signal applied to the
mixer can be regulated by varying the positic;n of the mixer coupling loop

| . ' in the cut-off attenuator.
| | The out-off attenuator (Fig.63) is élesigned as a cylindrical tube
(waveguide) soldered at an angle of 30° to the coaxial feeder.

i
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4. INTERMEDIATE-FREQUENCY PREAMPLIFIER (I.F.P.) UNIT

' The I.F.P. unit is located in the transmitter cabinet. - The unit
chassis carries a microwave oscillator with a supply rectifier, an I.F.
preamplifier and elements of the AFC channel.

A key diagram of the i.F. preamplifier unit is shown in Fig.64 (see
Album). The front panél of the unit is presented ip Figo65, while its

top view - in Fig.66.

. ' Microwave Oscillator
The microwave (klyst‘ron) _oscillator serves to produce radio-frequency
sustained oscillations having a frequehcy differing from that of the
magnetron hy the value of the intermediate frequency of 30 Mc/ sec within.
the operating frequency band of the transmitter (2700 to 2860 Nc/sec.).
. The radio-frequency oscillator connected as a microwave oscillator
. | .'.(Figs 67, 68) consists of a special valve, called klystron, and & cavity
circuit (resonator).
‘ The eir'cuﬂ ig Tormed by part of the cavity enclosed between the grids
inside the Klystron and metal body 4 of the cavity circuit, in which the
. Klystron isb encased. |
The klystron, .type K-11, used in the station consists of a heated
cathode, a control {accelerating) grid, tv§o resonator gi-ids and a repeller.
The klystron control grid connected with the resonator grids and the
? v cavi‘ty circuit is supplied from the stabilizer output with a positive
(with respect to the klystron cathode) voltage of +250 V. The repeile/I' is

fod with a negative (with respect to the cathode) voltage adjustable from

~40 to -170 V,
1 The klystron functions as followss ~
' Flectrons emitted from the cathode are accelerated by the positive

potential on the control grid until they enter the space in the cavity of

the central p‘a‘rt of the resonator (cavity circuit). After that they pass

&E@RH +../between the
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between the two resvonator grids. A variable electric field of radio-

‘ ffequency oscillations set up in the cavity circuit at the instant when the
Klystron is switched on or due to fluctuation of fhe electron flux density,
accelerates the electrons for one half-cycle and retards them for the
second half-cycle.

In connection with it some electrons travel into the space between
the resonator grids and the repeller with increased velocity vyt vy .while
others with decreased velocity Vo~ Vqe

. The electrons that pass between the resonatﬁr grids at the instant

when the variable field is zero travel into the space between the grids and
the repeller with the same velocity Vo which have all the electrons
approaching the resonator gfids.

Thus, after passing the resonator grids the electrons in the beam
appear to be velocity-modulated. In the space between the resonator grids
and the repeller the electrons are acted on by the field of the repeller
electrode chargzd negatively and tending to i‘eturn the electrons back to

~the resonator grids. The electrons with different velocities have

‘ different trajectories in the drift space. The electrons with higher
velocities approach the repeller closer than those with lower speeds. At
a definite relationship of voltages across the klystron grids and the
repeller, the electrons with both higher and lower velocities return to
the resonator grids simultaneously (Fig.69). Thus, velocity modulation
vof the electron flow converts into density modulation.

Separate bunches of electrons formed as a result, while returning to

the grids of the resonator give up part of previously stored energy to it.

| This occurs during the halfécycle of oscillations when the resonator

| ‘ electric field retards the motion of electrons towards the cathode.

From this it can be seen that sustéined oscillations in the klystron

may be excited at definite matching of the transit time from the resonator

SECRET ....Jgrids to
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grids to the repeller and backwards with a cycle of the rosonator self-
. oscillations.

At the assigned oscillation frequency of the resonator this matching
is achieved due to the change of potential on the klystron repeller.

The oscillator frequenéy depends upon the dimensions of the cavity
circuit (resonator). The change in the circuit cavity is obtained by the
aid of four threaded plugs 8 (Fig.68) inside the resonator. By these plugs
the oscillator is tuned to the required frequency and the frequency is

‘ adjusted when the magnetron is replaced. 7

The fifth plug (11) is coupled to knob 9 which is vbrought out to the
front panel of the unit and is marked KLYSTRON FREQUENCY. By means of this
plug the oscillator wavelength is regulated at any section of its operating |
band within the range of not less than 0.2 cm.

The cavity circuit of the klystron incorporates three coupling loops.

‘ Two of them are used to conduct the radio-frequency power through coaxial
cables to the crystal signal and AFC mixers. The third loop is cdnnected
through the coaxial cable to the connector located on the front panel and

‘ marked CONTROL CONNECTOR. The co'nnectvor is coupled to the echo box by
means of which the oscillator frequency is measured.

Presence of current in the circuit of mixers is determined by instrument
Pp22-1 (CRYSTAL CURRENTS) situated on the front panel of the I.F. pre-
amplifier unit (Fig.65). To measure the crystal currents of the signal
and AFC mixers-the instrument is switched over by means of selector switch 9
marked CRYSTAL CURRENTS (W22-3).  Meximum power is taken from the klystron
when the coupling loop is located in the vertical plane.

Sustained oscillations may be maintained in the klystron at several

‘ different voltages impressed on the Arepeller.

\ The klystron, type K~11, employed in the station has within the

operating band two or three regions of generation to which correspond the
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following potentials on the repeller (relative to tﬁe cathode):s
. first region from -20 to -40 Vi

second region from -50 to —-140 V3

third region from -170 to -250 V.

The value of maximum power produced by the klystron, and the range of
electronic tuning change depending upon a region of generation (Fig. 70, .a, b)e

For kiystrons, type K-11, the second region of oscillations is the
most stable. It has higher power and wi@er ranze of electronic tuning as

‘ compared with the first and third resgions. Therefore, the range of .

voltage regulation on the repeller is selected (from —46 to -170 V relative
to the cathode, so as to excite oscillations of the second region, the
first»and third regions being used partially.

To achieve high stability of the frequency of oscillations the repeller
and the resonator of the klystron are fed with stabilized voltages.

. Voltage is applied to the kKlystron repeller through a divider formed
by resistors R22—58\and R22-60 which are connected to the sliders of
potentiometers R22-56 (REPELLER VOLTAGE) and R22-59 (ZONE SELECTION).

. These potentiometers are in parallel with stabilovolts V22-20 and V22-21
which stabilize the voltage from a —255 V rectifier employing valve V22-19
(5C48).

The klystron resonator is fed with a stabilized voltage of +250 V
(relati&e to the cathode) from an electronic regulator utilizing valves
V22-16, V22-17 and V22-18 (Fig.T71).

The input of the electronic regulator is fed with voltage from the
rectifier using valve V22-14 (5C4S). The pius of the regulator is earthed
whereas the minus is connected with the klystron cathode. Valve V22-16
(6P3S) is an automatically controlled variable resistor placed in series
with the load circuit of the regulator. Valve V22-18 (6Z8) controls valve
Vp2-16. Thezg;;;;;I\gfIdmofﬂzilze V22-18 is supplied with a portion of
the regulatorloutput voltage from the sllder of potentlometer R22-50

.

Tl o /é +« +/RESONATOR VOLTAGE
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RESONATOR VOLTAGE SETTING placed in the circuit of a divider formed by resistors
. R22-49, R22-50, R22-51. This divid'er is connected in parallel with the load.

If, for some reason, the output voltage increases, the potential on
the grid 6f valve V22-18 rises with resultant rise of the plate current of
valve V22-18 and increase of the voltage.drop across resistor R22-45.

The plate voitage of this valve decreases. The voltage on the controi
g~id of valve V22-16 decreases, since it is connected through resistor
R22-46 with the plate of the control valve. This lends to an increase of

. differential resistance of valve V22-16 and to an increase of the voit’age
drop across it, and consequently fo ?edistribution'of the voltage applied
from the rectiiier between valve V22-16 and the load. In this case the
voltage across the load dgcreases to the rated value.

If the output voltage decreases an opposite process‘ takes place.

The cathode of control valve V22—j8 has a constant potential of +150 V

' due to voltage drop across regulator V22-17 (5c48).  This has been doné
to ensure more complete transmission of changes in the output voltage to
the grid of the control Qalve and simultaneously to ensure normal bias on

‘ its grid (otherwise the grid would be under high positive potential
relative to the cathode).

Capacitor C22-44 is designed to raise the efficiency of the regulator
circuit with regard to quick fluctuations of the regulator.output voltage "
caused by a quick change in load current or output voltage. At changes
with a frequency in the region of dozens of cycles per second or more,
capacitor C22-44 has a low resistance as compared with the resistance of
the upper arm of the divider formed by resistors R22-49, R22-50, R22-51.
As a result, the A.C. components of the output voltage are almost entirely

. applied to the control grid of valve V22-18. )

The regulator output voltage can be adjusted by shifting the slider

of potentiometér'R22450ﬂ: The shaft of potentiometer R22-50 is brought

SECRET
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out to the front panel and is marked RESONATOR VOLTAGE SETTING (Fig.66).

. By rotating this shaft, the voléage on the cathode~resonator section of
the klystron, measured between monitoring jack Geo-2 (-250 V) and the
chassis, is set equal to -250 V.

The receiving system can function in two medes of operation: automatic
frequency control and manual frequency control. The desired mode is
s3lected by means of switch W22-4 whose knob 'is brought out to the front
panel of the I.F. preamplifier unit an(i is marked MANUAL - AFC (8, Fig.65).

‘ : When the station is operating, the %nob should be set in position AFC,
since in the course of operation, especially immediately after the start,
the frequency of the klystron and magnetron may greatly change which would
necessitate frequent adjustment of the klystron.

The‘ negative voltage on the klystron repeller at manual frequency
controi (Fig,72) is determined by the pOsitiohé‘ of potentiometers R22-56

. ~ (REPELLER VOLTAGE) and R22-59 (ZONE SELECTIbN).

During AFC mode of operation the slider of potentiometer R22-56
(REPELLER VOLb‘I‘AGE) is disconnected from the klystron repeller, and a plate

. load circuit of the saw-tooth oscillator valve (V22-—7) is connected to it.
In this case the voltage on the repeller is determined by the voltages of
potentiometer R22-59 (ZONE SELECTION) and the saw-tocth oscillator.

Presence of two potentiometers R22-56 (REPELLER VOLTAGE) and R22-59
(ZONE SELECTION) adjusting the voltage on the repeller makes it possible
to carry out initial tuning of the oscillatc:f (at manual frequency control)
by means of both potentiometers so that during automatic ffequenc'y control
saw-tooth voltage will- be located symmetrically relative to the region of
the klystron frequency.

. The unit supply circuits are energized by two switches W22-1 (HEATER)
and W22-2 (PLATE) situated on the front pansl of the unit (10 and 11, Fig.65).

When turning on.switch W22-1 a neon lamp, +150 V (‘1\122—13) comes on; when
SECRET
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turning on switch W22-2 a neon lamp, +250 V (W22-15) comes on. Both lamps

. " are located on the front panel of the unit.

Intermediate~Frequency Preamplifier

The I.F. preamplifier serves to amplify the echo signal voltage. The
value of amplification is.seiécted in such a way that 1oss in the long
junction cable through which the signal is conducted to the amplifier
oi the automatic tracking channel will not reduce the receiving sysfem
sensitivity.

. The input of the I.F. preamplilier is very close’ to the crystal mixer.

This excludes the possibility of appreciable weakening Qf the signal in

the junction cable between the mixer and I.F. preamplifier and consequently,

decrease of the signal-to-ncise ratio at the input of the receiving system.
The I.F¥. preamplifier is cémprised of three stages. The first two

stages utiiize 671P valves (veo-8, V22-9) in a circuit: earthed cathode-

earthed grid (Fig,65)s The use of this circuit is due to the fact that it

has.a very low noise factor and gives relatively high amplification and

stability in operation.

‘ The third stage (V22-10) employs a valve of the 6Z4 type with an

oscillatory circuit placed in the plate circuit. |

From the crystal mixer output the intermediate-frequency signal is
conducted through the cable to the input circuit of the first I.F.
preamplifier stage.

The two circuits of the first stage input circuit :aise the output
admittance of the crystal miier to a value ensuring optimum signal-to-noise
ratio on the grid of valve V22-8.

The primary circuit is formed by parallel-connected (for high—frequency)

. ' inductors L22-6, L22-9 and the capécitance of the mixer and cable connector
coupling the input of the I.F. preamplifier to the mixzer. Indugtors

L22-6 and L22~9 are wound on resistor R22-27 and R22-30 which do not impair

gggﬁﬂ . .‘./the circuit
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the circuit quality factor noticeably, since the primary circuit quality
‘ factor is low due to shunting action of the crystal output resistance which
is rather small (approx; 300 ohms).
Connected in series with inductor 1L22-6 are inductors L22-7, L22-8
‘ wound on resistor R22-28, R22-29, These inductors together with capacitors
| C22-23, C22-24 constitute a radio-frequency filter in the crystal current
! circult.
To measure D.C. component of the crystal mixer current use is made of
‘ milliammeter Pp22-1 placed in the curreni circuit between inductor L22-8
and earth. With switch W22-3 set in position AFC the ix_dstrument reads the
value of the AVC mixer current;, whereas with the switch in position SIGNAL,
the value of the signal mixer current. The current value is determined
by the power conducted from the oscillator to the crystal.
Capacitor C22-25 sepera’oes the control grid circuit of the valve from
‘ the D.C. circuit of the crystal mixer.
The primary circuit of the I.F. preemplifier input is tuned to resonate
with the intermediate frequency. The secondary circult is formed by the
. input capacitance of ve,lve V22-8 (6Z1P) and inductor L22-103 the load from
which the signal is applied to the valve grid is the input capacitance of
valve V22-8. The circuit is tuned to the intermediate frequency by
changing inductance of coil L22-10 with the help of a érass ring which is ”
inserted into the coil. The ring is isolated from the chassis.
The pl.ate load of the first stage valve (V22—8) is an oscillatory
circuit consisting of inductor L22-11, the output capacitance of valve
V22-8, the input capacitance of valve V22-9 and the capacitance of the wiring.
Inductor L2é-12 neutralizes plate - grid capacitance of valve V22-8
thereby slightly improving the noise factor of the system and increasing
‘ the stability of the first stage operatioh.
Inductor L22-12 and the plate - grid; capacitance of valve V22-8

constitute a parallel oscillatory circuit. The eircuit is tuned to the

%WW .../intermediate frequency
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intermediate frequency by~ohanging inductance of coil 122-12 with the
. help of an insulated brass ring.

Resistor R22-23 serves to obtain automatic bias on the grid of valve
v'22—9

Capacitor C22-29 is a blockmg type caoacrtor for intermediate frequency.
D.C. component of the plate current of the second stage valve V22-9Q based
cn an earthed grid circuit passes through resistor R22-33 and inductors
L22-12, L22-10, L22-9. The plate load qf the second stage is a circuit

. formed by inductor L22-13, the outnut capacitance of valve V22-10 the input
capacitance of valve V22-9, and the capacitance of the wiring. The
circuit is tuned to the intermediate frequenc, by changing inductance of
coil L22-13 with the aid of a movable brass core.

Resistor R22-35 is leak for the control grid of valve V22-10. The
val;le of this resistor shunting the circuit determines in the main the» pass
band and amplification factor of the I.F. preamplifier.

The I.F. voltage taken off the circuit is applied through cai:acitor
C22-32 to the grid of the third stage valve V22-10 (624). The equivalent
‘ circuit of the -stage is presented iﬁ Fig.73.

The plate load of the third étage of the I.F. preamplifier is a .
parallel oscillatory circuit formed by inductor L22-14, the output |
capacitance of valve V22-10 and the capacitance of the wiring. Placed 1n
series with this circuit is resistor R22-38 whose value is equal to the
characteristic impedance of the cable connecting the output of the I.F.‘
preamplifier with the input of the automatic tracking channel amplifier.

To make the circuit tuning independent of the length of the cable
(its capacitance) and to keep losses at ﬁinimum during signal transmission

. the input resistance of the cable ‘is made resistive. The cable is loaded
by resistor R1-1 (75 ohms), coxlﬁectéd at the input of the amplifier unit
of the automatic tracking channel, whose value is equal to the characteristic.

impedance of the cable (cable9 type RK-3, is used).

%gﬁ .o ./At such
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\
At such a low input resistance of the junction cable it is bettor to
‘ place this resistance in series with the circuit as at parallel connection
| the circuit resistance proves to be inadmissibly reduced and the amplificatiog
factor of the I.F. preamplifier output stage is low.
| The I.F. preamplifier valves are supplied from the +150 V rectifier
‘ located on the same chassis.
The rectifier is composed of valve V22-11 (5C48) and transformer
Tr22-3 (Fig.64). Choke D122-1 and capacitors C22-36, C22-37 constitute
. a filter. Resistor R22-62 and capacitor (22-46 comprise an additional
filter in the circuit supplying the plates of the AFC channel valves. The
rectified voltage is stabilized by stabilovolt Vo2-12 (SG4S) with resistor
R22-40. |
The stabilized vol%age of +150 V is applied to the grids of the I.F.
preamplifier valves. The presence of the rectified voltage is checked by
% . means of indicating neon lamp M¥-3 (V22-13) located on f;he front panel

(+150 V).

Automatic Frequency Control (AFC) Channel

’ When the station is functioning the magnetron and klystron frequencies
may largely vary due to ohanges'in temperature, humidity, supply vo‘ltage,
antenna rotation and a number of other factors. In this case the difference
frequency dev1abes from the rated intermediate frequency and normal
reception may be disturbed.

The AFC channel provides such trimming of the oscillator frequency
at whiéh the difference between the frequencies of the klystron and magnetron
is kept approximately equal to the rated intermediate frequenéy of the
recéiving system.
" The »station employs an AFC séarch circuit. The AFC channel includes:
an AFC mixer, I.F. amplifier stages, a discriminator, a pulse amplifier and
a control circuit consisting of a saw-tooth oscillator (phantastron) and

a diodé, ,

SWE?@ /Tn the ==
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In the AFC channel, use is made of the signal directly furnished
‘ from the transmitter to the receiver (main pulse).
The signal is conducted to the APC mixer through the cut-off attenuator
of the waveguide type. vThe attenvator damping value is taken very large
so as to reduce the main pulse power apulied to the crystal té 1 -2 v,
The microwave oscillétor output is applied to the mixer through the
coaxial cable. After leaving the mixer the signal is conducted through
a section of the coaxial cable to tﬁe primary winding of inpﬁt transformer
i ’ TrQé—1 o Connected in series with the transformer primary winding is a
R.F. filter in the measuring circuit of the crystal current D.C. component.
The filter is formed by inductors L22-1, 1.22-2, wound on resistors R22-2,
R22-3 and capacitors C22-1, C22;2.
The primary winding of transformer Tr22-1 with the capacitance of the
wiring, the capacitance of connectors and the capacitance of the junction
. cable constitute a i)arallel oscillatory circuit tuned in resonance ,With
the intermediate frequency of 30 Mc/sec._» |
When measuring D.C. component‘of the crystal mixer current (switch
. W22-3 in positioﬁ APQ) an instrument, type P}p2v2—1 R (‘CRYS;PAL CURBENT‘SV)V is
rlaced in the current circqif between iﬁductor L22-2 and earth. The
crystal current be° component is shorted ihrough resistor R22-61 (100‘ohms)
equal to the internal resistance'of—the_instrument.

' The:secondary,winding ofvtransformer Tr22~1 together with the input
capacitance of val&e V22-1 and the capacitance of the wiring constitute an/
oscillatory circuit tuned tovthe intermediate frequency by means of semif
variable capacitor C22-3.

To widen the pass band the secondary winding of the transformer is
shunted by resistor R22-1 (300 ohms).
| Tranéformer Tr22-1 is designed so that its primary winding may be moved

relative to the secondary winding. By moving the primary winding it is
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possible to vary the windiné coupling facter and consequently the amplifioatiop
' factor of the AFC channel. |
The use of a double input circuit with transformer coupling between
the circuits reduces the influence of variation of the crystal mixer out~
put resistance on the input of the first‘ valve of the I.F. arﬁplifier.
From this circuit the I.F. voltage is applied to the control grid of
valve V22-1 of the first stgge. The first and second stages o'f“the I.F.
amplifier (V2o-1, V22‘2:) are based on resonance amplifier circuits using
. pentodes 6Z4 with oscillatory circvits in the plate circuits.
The oscillatory circuits are formed by inductors L22-3, L22-4, the
capacitance of the wiring, oufput and input cepacitances of the valves.
| The circuits are shunted by resistors R22-6 and R22-9 (510 ohms) which
determine the pass band and the amplification factor of the I.F.v amplifier
channel.

‘ Placed in the catho.de circuit of the first stage 'v"v_alve.(V.22——1) is
variable resistor R22-63 eq_ual‘to 1 kilohm. This resistor controls the
channel amplification at intermediate frequency, its slotted shaft is

. brought out to chassis top and marked APC AMPLIFICATION. Resistor R22-63
is included in the circuit of a divider formed by resistors R22-63 and
R22-64.
Resistors R22-4, R22-T7, R22-10 se-rve to develop automatic ‘bias voltages
on the control grids of the valves of the first,; second and third I.F.
amplifier stages due to the cathode current of the valveé.
Comnected into the plate circuit of the third stage valve (V22-3) is
the primary winding of the transformer (Tre2-2) circuit of the discriminator
(V22-4).  The secondary winding of the transformer circuit is éozxnected
. (with its ends) to the ﬁlates of the valve (6H6S) of the discriminator
| (Fig.74> producing output pulses whose polarity and value are determined by

the magnitude and sign of detuning of the intermediate frequency relative

]
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to its rated value. The discriminator differently reacts to the signals
. whose frequencies are higher or lower than the rated.

The discriminator primary circuit is formed by capaﬁitor 022-12,‘the
output capacitance of the valve, the capacitance of the wiring and the
primary winding of transformer Tr22-2; the secondary circuif - by capacitor
022-14 and the secondary winding of transformer Tr22-2.

The primary and secondary circuits of the discriminator are tuned
to the intermediate frequency of 30 Mc/seo. As the coupling between

. the circuits is weak‘the resonant frequencies of the circuits are determined
in the main by their own parameters.

The quality factor of the primary circuit is low, therefore within a
certain range near the intermedidte frequency, the dependence of voltage E1
across the circuit upon the frequency is negligible.

Voltage E across the secondary circuit is also relatively constant

‘ in value within this frequency band and is in phase wijzh E1 .
Current I, is induced in the secondary oscillatory circuit which

2

develops a voltage across the secondary winding of transformer Tr22-2:

E, = ILX ,
' 2= 2L,

where XL is inductive resistance of the secondary winding.
2

The value and phase of voltage E2 véry with the change of the
frequency, since the character of the.circuit impedance depends upon the
frequenéy° |

Fach diode of the discriminator valve is fed with A.C. voltage equal
to ihe geometrical sum of oscillafory‘Voltage E1 across the primary circuit
and a half of voltage E2 deveioped across the coil of the secondary winding.

Vector diagrams of voltages in the discriminator circuits are shown in

‘ Fig.T4, where

2 2
E = — E = B - e o
By E1 + 5 and 4 ]31 5=

.o ./The secondary
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The secondary circuit is tuned to the intermediate frequency of 30 Mc/sec,
therefore at the input voltage of a frequency of 30 Mc/sec equal to the

intermediate frequency voltages E3 and E4, as seen from the vector diagram,

are equal in phase, and consequently, currents across the deteétor load
(resistors R22-14 and R22-15) are equal in maghitude but oppésite in
direction. In this case the resui%aﬂ% voltage between point a and earth
equals zero.

When the intermediate frequency deviétes to one or the other side from
the.réted I.7. of 30 Mc/sec the phose shiff between voltages E1 and E2

changes and voltages E, and E, will not be any longer equal in magnitude.

3 4
Currents flowiang through resistors R22-14 and R22-15 will also be unequal
and the resultant voltage at the output of the discriminator detector
between point a and earth will not be equal to zero. . Depeﬁding upon the
value and sign of detuning of the intermediate frequency relative to the
rated, this resultant voltage at the discriminator detector output changes
its value and has either positive or negative sign (Pig.75). The
discriminator circult is designed so that positive values of the output
voltage are obtained at lower frequencies than the rated intermediate
frequency of 30 Mc/sec, whereas negative values at frequencies higher than
the rated intermediste frequency of 30 Mc/sec.

Thus, with the I.F. pulse voltage applied to the input of the

discriminator, its output, dépending upon the frequency of incoming signals,

-feeds out & train of positive or negative pulses of various amplitudes

(Fig.T6).
Such a form of the discriminator pulse response ensures proper operation
of the AFC sjstem only in case the oscillator frequency fo is previously
set higher than frequency fm of the magnetron.
The functioning of the successive elements of the AFC system boils
down to the followings the voltage pulses from the discriminator obtained

SECET
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_due to deviation of the intermediate frequency from the rated value I.F.

. of 30 Mc/sec are amplified by a pulse amplifier (V22-5) and act on the
control circuit, which produces a control voltage changing the klystron
frequency. The control voltage changes the klystron frequency in sqch a way
that the rated intermediate frequency is attained at the mixér output.

The control circuit is comprised by a saw-tooth oscillator (V22—7)
and a diode (V22-6).

The saw-tooth oscillator employs pentode V22-7, type 6Z4, which when

. no pulsises are appliied to its input from the pulse amplifier (V22—5)
functions as a self-excited oscillator (Fig.78).

Silf-excitation of the saw-tooth oscillator is achieved due to
capééi%ér C22~-22 comnected into the circuit. The capacitof provides
coupli?g between the suppressor and screen grids. In the presence of such
coupli?g an increase in the screen grid éurrent causes negative voltage to

. zz,ppearI on the suppressor grid and vice versa.

Dascharge of capacitor C22-21 through valve V22-7 and a chain of

resistors R22-20 and R22-23 raises the voltage on the valve control grid.

. This causes an increase in the plate current of this valve and a decrease
in theivoltage on its plate, The plate voltage drop is conducted through
capacitor C22-21 to the control grid thereby slowing down the rise of the
grid voltage and consequently the rise of the valve plate current and the
voltage drop across the plate.

Any decrease of the discharge current results in a decrease of the

negative %rol‘hage between the control grid and the cathode, which opposes

- .
o

the de?crease of the discharge current.

Thus, due to strong f-ee(ibaok between the plate and the control V_grid
through capacitor €22-21, the discharge éurrent remains approximately
constanf, the plate voltage changes almost linearly.
| ' This process goes on until the plate voltage drop reaches the value

at which redistribution of the valve cathode current between the screen

QWE@W -n/grid and
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grid and the plate takes place (Section b-c, Fig.T7). The voltage on
.. the plate decreases to 15 - 20 V relative to the cathode. In this case
normal current distribution between the plate and screen grid is disturbed
and tﬁe screen grid current begins to rise, and the grid potential - to fall.,

?ecrease of the voltage on the screen grid is conducted through

capacltér C22-22 to the suppressor grid which brings about a further
; decreasg of the plate current and an increase of the screen grid current
and congequently an increase of the negative potential on the suppressor
‘ grid. ;This_ process is going on in an avalanche-like manner. As a
|

result the negative voltage on the screen grid reaches such a value that

the valve proves to be cut off for the plate current (point ¢, Fig.T7).

The plate voltage rises, so does the voltage on the control grid, thereby

increasing the cathode and screen grid currents. In this case the

voltage on the sﬁppressor grid is negative relative to the Qathode; valve

. V22-T is completeiy cut off for the plate current, the voltage on the
control grid is positive in relation to the cathode. |
‘From this moment on capacitor €22-21 is being charged from the bower

‘ supply through resistor R22-26 and gr:’Ld ~ cathode section of the valve.
The variation of the charge rate of capacitor C22-21 is determined by the
values of resistor R22-26 and capacitor C22-21. The capacitor is being
charged to a value approximately equal to the power supply voltage (Section
c-d, Fig.T7).

At the moment capacitor €22-21 starts to charge the control grid
potential sharply rises to +2 — +4 V (Section b-c, Fig.77). Further rise
of the grid voltage is limited by grid currents.

Capacitor C22-22 begins to discharge through the screen grid - cathode .
section and resistor R22-24. Ls the capacitor discharges the negative
voltage on the suppressor grid decreases exponentially. The rate of
discharge is determined by values of'resistor R22-24 and capacitor C22-22.

.oo/At B
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At a certain moment the Qoltage on the suppressor grid reaches the potential
‘ and takes the valve from the cut—off condition for the plate current
(point ds Fig.??); The capacitance value of capacitor C22-22 is selected
iarge enough so that the potential on the suppressor grid will not be able
to recover until capacitor C22-21 is not charged to the voltage of the
power supply and the voltage on the plate approximates that of the power
cupply Ea’ | |
Lt the instant the valve becomes conducting for the plate current,

. the plate potential suddenly decreeses by a value determined by product
LR (Section d-e, Fig.77). This sudden decrease of the plate voltage is
conducted to the control grid fhrough capacitor C22-21, which causes a
decrease of the screen grid current, an increase of the voltage on the
screen and suppressor grids and fufther rise of the plate current. This
process is also going on in an avalanche—like manner, which results in the

. volfag‘e being sharply raised on the screen and suppressor grids. The

plate voltage decreases, so does the voltage on the control grid and at
this moment it becomes almost equal to the cut—off potential for the plate

' current.

Capacitor C22-21 begins to discharge through the valve and resistors

R22-20 and R22-23. As the capacitor discharges the potential on the
control grid rises. The plate voltage decreases linearly and the entire
process is being repeated.

Thus the saw-tooth oscillator produces saw-tooth voltage of about
3 t0 5 cop.s. (Fig.70, c¢) which is applied to the kKlystron repeller.

The Klystron frequency, as was mentioned before, is éet (during manual
frequency control) higher than that of the magnetron frequency by the value

‘ of the intermediate frequency of 30 Mc/sec. With the saw-tooth variation

of the oscillator voltage at the initial moment the negative voltage

applied to the klystron repeller is small énd, therefore, the difference

SECRT
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frequency fo - fm is less than the rated intermediate frequency (Fig.T0, a).
‘; There are no pulses at the amplifier output. ‘ The‘ saw-tooth oscillator
 searches for frequency.
Ls the negative voltage rises on the repeller, the oscillator frequency
increases and the difference frequency enters the pass band of the I.F.
amplifier of the AFC channel (Fig. 710, e).
With thé transmitter switched on, the pulse amplifier (in accordance
with the discriminator response curve) produces first negative pulses to
‘ which the saw~tooth oscillator circ_‘.uit does not respond (Fig.70, f).
| The negative voltage on the repeller continues to rise and consequently
the oscillator frequency incresses. The difference frequency increases as
well and passes zero point of the discvrilﬁinator response curve (Fig.T0, f)
which 15, being set at the resonance frequency of the I.F. amplifier channels . -
of the receiving system (30 Mc/sec). v
| . The pulse amplifier (V22-5) produces positive pulses (Fig.77).  They
charge capacitor C22-20 through the control diode (vo2-6).
When capacitor €22-20 discharges through resistor R2é—-20 during the
' , pulse interval, a negative voltagé (relative to the cathode of valve v22-17)
is developed across this resistor. The voltége riseé with an increase in
the amplitude of the pulses applied to capacitor 022—20.,_ At an instant
when voltages across resistor R22-20 and the control grid of \valve va22-T
become equal, the discharge current of capacitor C22-21 flowing through
resistor R22-23 ceases, i.e. saw-tooth variation of the plate current
ceases and the voltage that was present at the moment the saw—ﬁooth voltage
oécillations were stopped, is set up on the plate of oscillator V22-T7.
Due to a large amplification factor of the AFC channel the saw-tooth
voltage oscillations are stopped at incorsiderable deviation from the
‘ Trequency corresponding to zero point on the discriminator response curve

(0.2 to 0.3 ¥e/s). At the moment of stopping the klystron frequency

SEQQEE ' . ./ceases to
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ceases to change (Fig.70, g). In this case an average véltage is impressed
. ~ on the control grid of valve V22-7. The voltage maintains the oscillator
h frequency at such a level which ensures that the interme&iate‘frequency
equals the rated value. |

From this moment the saw-tooth oécillator functions as a D.C. émplifier,
i.es the valve plate voltage follows the control grid voltage and automatically
raintains the difference of the magnetron and oscillator frequencies equal
to the intermediate frequency of the receiving system. »

. o If thé difference frequency exceeds the intermediate frequency of
30 Mc/sec positive pulses will be increased at the pulse amplifier output,
which will resualt in an increase of the negative voltdge on the grid of
valve V22-7 and in an increase of the plate voltage. Therefore, the
negatiﬁe voltage on the klystron repeller will decrease and the klystron
will generate lower frequency at which the difference frequency equals- the
. intermediate one of 30 Mc/sec.

If the difference frequency decreases, positive pulées at the pulse

amplifier output, while decreasing, will bevcancelled outs oapacitof

‘ C22-21 begins to discharge and the plate voltage decreases according to a
saw-tooth law until positive pulses interrupting this change appear at the
pulse amplifier output.

If the oscillator frequency, at the given polarity 6f the discriminator
reéponse curve, is set below the magnetron frequencys the search circuit
will carry out tuning on a false point and keep the difference frequency
unequal to the intermediate one of 30 Mc/sec, whi&h will result in sharp
reduction of the receiver sensitivity.

Diagram 78 illustrates the functioning of the AFC circuit when the

‘ oscillator is tuned to frequencies 'higher or lower than magnetron frequencies.
Curves 1 and 2 show the relaticn of the voltage at the AFC‘circuit output

(plate voltage of oscillator valve V22-7) to the oscillator ,(heterodyne)

' «+ o/ frequency. Curvés
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frequency. Curves 3 and 4 show the relation cf the oscillator frequency
. to the voltage on the kKlystron repeller during éearching.

When the oscillator tuning frequency is lower than magngtron frequency,
positive pulses at the output of the AFC channel, stopping the saw-tooth
voltage of oscillator V22-T, appear at the difference voltagé (of the
magnetron and kKlystron) exceeding the rated intermediate frequency and-the
AFC circuit maintains the frequency other than the inj:ermediate one
(point B1)¢ Near point B2 the circuit operation is unstable and any

‘ change in the klystron frequency detunes automatic frequency control. In
point A the circuit function is stable.

The saw-tooth oscillator is supplied from two rectifiers. (-250 and
-255 V), located on the chassis of the I.F. preamplifier unit. These
rectifiers are based on two kenotrons 5C4S (V22-14 and V22-19) and are
used to supply the klystron and the saw-tooth oscillator.

‘ The rectified voltage of -250 V is stabilized by tl_he electronic
regulator employing valves V22-16 and V22-18 whose ‘operation has been
analysed in detail in Sectvion 3.
' The rectified voltage of -255 V is stabilized by a series combination '
of stabilovolts SG3S and SG48 (V22-20 and V22-—21).

When placing switch W22-4 in position AFC the voltage of -250 V is
applied to the plate of valve V22-T.

Pin 2 of valve V22-21 is negative potential applied from the series
combination of the rectifiers (-250 and ~255 V), i.e. =505 V.  This voltage
is applied to the cathode of valve V22-T7. Thus, a voltage of +250 V is

applied between the plate and cathode of valve V22-T.
5, AUTOMATIC TRACKING CHANNEL AMPLIFIER

‘ , The automatic tracking channel amplifier unit (Figs 79, 80) is located
in the upper left-hand part of the main control board cabinet.
A key diagram of the amplifier unit is presented in Fig.81 (See Album).

| , 35@2‘%5? : " v../The automatic
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The automatic tracking channel amplifier is designed for amplificati_on
. of signals coming from the I.F. preampl‘ifievr. It is provided with two |
amplifier channels: a range channel and an automatic tracking channel.
The signal from the output of the I.F. preamplifier (cbnnector Zw22-6) is
furnished through the coaxial cable with a characteristic impedance of
75 ohms to the input of the automatic tracking channel amplifier (connector
Zw1—1) and then through coupling capacitor Cl1-1 to the control grid of
valve V1-1, . _ |
‘ ) Resistor R1-1 (75 ohms) as was mentioned above serves to match the

input resistance of the first valve of the automatic tracking channel
amplifier with the characteristic impedance of the cable.

The input circuit of the first stage of the autoﬁétic trackiﬁg channel
"amplifier is formed by inductor L1-1 together with the‘input capacitance
‘of valve V1-1 (624)>and the capacitance of the wiring. The circuit is

. shunted by small resistance of R1-1 due to which it has a wider pass band
as compared with the circuits of the successive stages, where the resistors
shunting the circuits have considerably greater values (470 to 1000 ohms).
‘ ' ‘ The first, second, third and fourth stages of the automatic tracking

channel amplifier (V1-1, Ve-2, V1-3 and V1—4) are the fourth, fifth, sixth
and seventh stages of thé I.F. amplifier in the receiving system respeétively.

The IoF.‘amplifier‘stages in the unit are based on resonant amplifier
circuits with parallel plate supply, using pentodes 6Z4, héving oscillatory
circuits in the control grid circuits.

In addition to inductors L1-1, L1-2, etc. the oscillatory eircuits
include interelectrode capacitances of the valves (C, c ), the

input + output

wiring capacitances (Cm) and inductor self-capacitances (Ci’n The total

d)'
capacitance of the circuit is approximately 20 pF.
The control grids of the first two vélves are fed with the negative

voltage from the automatic gain control (AGC) circuit.
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Resistors R1-4, R1-7, R1-11, R1-14, R1-19, R1-23 (Fig.81) that are the
plate loads of the valves, are used to shunt the circuits and to determine
the amplification factor and pass band both»for the range channel and
automatic tracking channel.

The circuits are tuned to the intermediate frequency by changing
inductance of the coils with the help of movable brass cores. The initial
bias on the vai&es of the I.F. aﬁplifier stages of the automatic tracking
channel amplifier unit is caused by the valve current flowing through
resistors R1-3, R1-8, R1-10, R1-15, R1-22,

After the fourth I.F. amplifier stage of the automatic tracking channel
arplifier unit the receiver amplifier channel is separated into twos the
automatic tracking channel amplifier and range channel ampllfler

The automatic tracking channel amplifier is comprised of two I.F.
amplifier stageé (V1-5 and V1—6), a detector (left-hand diode of valve
V1—7) and two video amplifier stages (V1-3 and Vi?S).

The output voltage from the fourth I.F. amplifier stage (V1=4 of
the unit is applied to the input of the fifth stage (V1‘-5). The fifth
stage is usually cut off and is made conducting only when the screen grid
of valve (V1-5) is supplied with the very narrow gate of 0.3 microsec.
duration and 100 - 120-volt amplitude. The gate is‘furnished from the
range and very narrow gate indicator unit through the cable via oonnéctor
Wil-5. When no very narrow gate is applied vaive V1-5 is cut off by
the negative voltage on the screen grid‘(about -100 V) taken from the
voltage divider formed by resistors R1-60, R1-61 in the circuit of the
~150-volt rectifier.

Therefore, the grid of the next sixth stage (V1-6) is supplied only
with the voltage of the reflected sighal'that is timed with the very
narrow gate.

The moment of feeding the v%ltage,qf the very narrow gate to the
screen grid of valve V1-5 1s set by the range operator who by operating

m-? @EE oo / the handwheel
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the handwheel aligns electronic markers on the fine range tube with the

. signal reflected from the selected target, thereby timing the voltage of

the very narrow gate pulse with the reflected signal.

During automatic tracking of the selected target this alignment is
done automatically by the. foilow_—up gystem of the automatic range tracking.

Thus, only signals reflected from the target selected by the operator
ere amplified in the amplifier of the receiver automatic tracking channel.

Placed in ﬁlle control grid circuit of wvalve V1-5 is fesistor R1-17 to

‘ reduce the undesirable effect (cauced by triggering and cutting off of the
aﬁtomatic tracking channel) on the parameters (amplification factor, pass
band and resonance frequency) of the range channel I.F. amplifier.

- The cathode circuit of valve V1-—5 contains variable resistor R1-21 '
used for regulation of the automatic tracking channel I.F. amplifier.
The resistor slotted shaft is brought out to the front panel of the unit
‘ and is marked AUTOMATIC SENSITIVITY CONTROL.

To extend amplification control range the cathode of valve Vi-5 is
supplied with additional bias from the divider formed by resistors R1-57

‘ and R1-21 {0 which a stabilized voltage of +120 V is applied.

When AGC is functioning the resistance value of resistor R1-21 affects
the amplification factor of the range channel. Should the resistance
value; say, of R1-21 be increased the amplification factor of the automatic
tracking channel will decrease. This will cause a decrease of the negative
bias applied to the first and second I.F. amplifier stages from the AGC
stage, and an increase of the amplifi_éation factor for these stages and,
consequentlys the amplification factor for the range channel, as the first
and .second I.F. amplirfier stages of the automatic tracking chanrel amplifier

‘ unit are ccmmon for both channels of the receiving system.
When tuning the autozﬁa’cic traokiné channel at the manufacturing plant A

or repair workshop, the screen grid of valve V1-5 is fed with a D.C.
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voltage of +120 V.  For this purpose jumper Wi-3 is set in position"
. +120 V. In position STROBE jumper Wi-3 connects jack G1-3 with G1-4 and ‘
the very narrow gate is appiied from the range indicator unit to the screen
grid of va1§e'V1—5. Total amplification of the intermediate frequency
amplifier, from the input of the amplifier to the output of the ninth
stage of the intermediate frequency amplifier of the automatic tracking
channel, is abcut 200,000. The voltage from the ninth I.F. amplifier stage
is applied to tﬁe second detector (valve V1-7) employing (to reduce the
. detector capacitance) one half of the double diode 6H6S; the other half
of the valve is earthed. The detector load is resistor R1-26. Capacitor
C1-32 and inductor L1-8 constitute a filter smoothing intermediate frequency
ripples across the load resistor.
To monitor the operation of I.F. amplifier of the receiver automatic
‘ tracking channel during the receiver tuning, a microammeter may be connected
. into the D.C. component circuit of the detector current. For tﬁis purpose
| monitoring jack Gi-1 (DIODE CURRENT) is provided whose contacie are
connected to each other with the plug connector removed. The microammeter

‘ ' is shunted by resistor R1-28 (220 ohms) whose main function is to prevent

discontinuity of the D.C. component circuit of the detector at the moment
the contacts of jack G1-1 are opened.

The negative voltage pulses from the detector load are furnished to
the input of the first stage of the video amplifier (v1-8). Both video
amplifier stages operate as resistor-coupled amplifiers. . The plate load
of the first stage is resistor R1-30, the plate load of the second stage is
resistor R1-35.

To correct the video amplifier freéuency characteristic in the high-
frequencj~reglon, chokeg,LJ—9-ands%ﬂ"41‘E?r‘§1aced in the plate circuit of

.z;;,. :

the first and sec‘o\nd stages of the v1deo'\}amplltf1er. The choke resistance

rises;as the frequenc'J :mcreases, tﬁuds_ralsan’é? the total resistance of the
plate loa‘(};. This results in compensation of the resistance drop across
B
e 4__‘*_____-—-‘:;} - \i Sqﬂ () ./the load
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the load cauéed by spurious capacitances. The use of correcting chokes
. at high frequencies extends thé band of amplified frequencies which is
necessary for undistorted amplification of short puises applied to the
video amplifier from the detector (Fig.83).
The negative voltage pulses are furnished from the plate of valve
V1-9 through coupling capacitor 01—41'and resistor R1-37 to the cathode
ot the AGC detector (the left-hand triode of valve 6N88); while throﬁgh
capacitor C1;4O - to connector Wi-3, from where they are conducted to the
. automatic tracking and automatic range finder units.
One I.F. amplifier stage of the range unit (V1-11) located in the
automatic traqking channel amplifier unit employs a valve of the 6Z4 type.
The circuit of the stage is similar to that of the I.F. preamplifier, but
the valve grid circult contains an oscillatory circuit common with the
fifth I.F. amplifier stage of the automatic tracking channel. The output
. voltage of this stage is aiaplieci to the range channel amplifier through
connector Wi-4.
Besides the described amplification channel the unit accommodates the
. AGC circuit (V1-10) and a rectifier with a +1 20~Volt voltage stabilizer

(Vi-12, V1-13 and V1-14, V1-15),

"~ Gain Control

The receiving system provides for manual and automatic gain control.v

The automatic gain control, during automatic target trackihg, provides
the operation of the automatic tracking channel in tﬂe linear section of
the receiving system amplitude characteristic. In this case the signal
modulated by the error signal voltage is normelly conducted through the
receiving channel.

. If the signal reflected from the target being tracked is excessively‘

increased, the AGC circuit automatioal.lyl reduces the amplification factor
of the first and second I.F. amplifiér stages ofIthe automatic tracking

coe / channel amplifier
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' channel amplifier unit due to the additional negative bias voltage applied
. to the valve grids of these stages.
During automatic tracking of the target in angular coordinates the

receiving system gain is controlled only automatically. In other modes of

operation manual control is used. The AGC circuit consists of a detector Z
the left-hand trioﬁe 'of valve V1-10 (6N8S) connected as a diode, and a D.C.
amplifier with a cathode load employing the right-hand triode of the same
valve. The triode grid is connected to the middle contact of ‘relay P1-1.
. When setting selector switch (w12-1) (MODE OF OPERATION) located in
the antenna control unit in position (AUTCMATIC) the winding of relay
P1-1 is supplied with A.C. voltage (110 V, 50 c.p.s.), contacts 5-6 of
the relay close and the grid of the AGC amplifier is supplied with voltage
. from the load of the AGC detector (divider R1-46, R1-45, R1-42). In this
case the receiver operates with AGC (Fig.84).
. The cathode of the left-hand triode of valve V1-10 (AGC detector)
is supplied with a positive D.C. voltége of +30 V from divider R1-39,
R1-40, fed with a stabilized voltage of +120 V.
‘ In the absence of the signal from the output of the receiver dutomatic
tracking channel, the detector plate is under a small negative (in relation
to earth) potential (gpproximately’—Z V) taken from the voltage divider
composed of resistors R1-43, R1-44, R1-42 (in the automatic tracking channel)
and R7-99 (in the automatic range finder unit) fed by a stabilized voltage
-105 V. Therefore, the AGC detector is cut off by a negafive'voltage of
about 32 V. " In this case there is no voltage drop across the load
(R1-45, R1-46) of the detector and, consequently,; the grid potential of the
D.C., amplifier (thé right-hand triode of valve V1-10) is approximately -2 V.
The AGC amplifier is connected as a cathode-loaded stage (R1-41).  The
piate voltage of this stage is attained by adding stabilized voltages of

+120 and -105 V and makes up about 225 V.

gE@@Eg .+./The resistance
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The resistance value of resistor R1-41 should eﬁsure a voltage drop of
. 105 V acrdss the resistor during the plate current flow through the valve
(at the grid potential of about -2 V). - In this case the AGC resultant
voltage on the grids of the first and second stages of the I.F. amplifier
 equals zero, while the bias voltage of these stages is determined by the
" voltage drop across the resistors in the circuits of the valve cafhodes.
The receiving system provides maximum gain.
The initial zero voltage is set on the grids of the first and second
. I.F. amplifier stages with the help of potentiometer R1-42 whose slotted
| shaft is brought out to the unit chassis and‘marked AGC SETTING.

If the a;mplitude of the negative pulses at the output of the receiving
system automatic tracking channel exceeds 32 V the AGC detector is triggered
by the pﬁlses. Capacitor C1-44 is being charged thr‘oug‘h the diode and
resistor R1-37. In pulse intervals capacitor C1-44 is being discharged

. through the detector load resistor R1-46, R1-45, R1-—4é. The time constant
of the capacitor charging circuit makes up 5 microseconds which exceeds
the duration of the output pulse (of the receiving system automatic tracking
‘ channel) equal to 0.3 microseconds.

The time constant of the capacitor discharging circuit makes up
6200 microseconds, which considefably‘exceeds the duration of pulse intervals
which are épproximately 533 microseconds. As a result the voltage across
capacitor C1-44 under steady conditions remains almost constant slightly
changing by the action of pulses at the receiver output.

The more the pulse amplitude at the output of the receiving system the
greater the value of the voltage across capacitor Ci1-44.

The voltage across capacitor C1-44 is set (when the amplitude of

. pulses at the receiving system output is invariable) at such a level at
wirich the electricity obtained by the'capacitor for a period of the pulse

travel through the chai‘ging circuit, equals the electricity lost by the

capacitor in the discharging circuit during the pulse interval.

@gﬁﬁﬁ .../The voltage
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The voltage caused by discharge of capacitor C1-44 is taken from
‘ resistor R1-45 to the grid (4) of the right-hand triode of ,valvé V1-10
(AGC amplifier). Thus, if capacitor C1-44 proves to be charged due to
the AGC detector operation, to a voltage excéeding the voltage drop across
resistor R1-42, approximétely one quarter of this additional negative
voltage is conducted to the grid (4) of the D.C. amplifier. The valve

plafe current decreases. The voltage drop across resistor R1-41 becomes

less than 105 V and the valve cathode potential drops below zero. This
. negative voltage is zpplied to the valve grids of the first and second
I.F. amolifier stages of the automatic tracking channel amplifier unit
and causes a reduction of amplificatioﬁ factors of these stages and
consequentiy of the entire receiﬁing system.
Thus, as the amplitude of echo signals increases the AGC syétem
automatically reduces the amplification factor of the receiving system and
. protects separafe stages from overloads.
Connected to the input of the right-hand triode of valve V1—10.
(AGC amplifier) is capacitor C1-45. The time constant of the charging
‘ and discharging circuits of capacitor C1-45 through resistors R1-46, R1-45,
amounts.to several seconds. As a result at rapid changesvbf the pulse
amplitude at the output of the receiving system automatic tracking channel
the voltage on the grid of valve V1-10 and consequently the output voltage
of the automatic gain control remain practically constént, becaﬁse these
voltages depegd on the average level of the signal at the dﬁtput of the
receiving system.
In particular, due to application of capacitor C1-45, the AGC system
does not react on ripples of the echo pulse amplitude with a frequency of
. 24 cl.p.s. caused by deviation of the anterna axis from the target direction
and thus does not reduce the error voltage used for the antenna automatic

control.-

SE@E@EEH : .o o/Manual gain
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Manual gain control. With selector switch W{2-1 MODE OF OPERATION in
‘ position MANUAL the relay winding is de-energized, contacts 6~7 of relay

P1-1 (Fig.84) close and the grid of the D.C. amplifier is fed with the
voltage from a series combination of potentiometers R1-44 and R7-99, whose
knobs are brought out to the front panel of the amplifier units of the
automatic tracking channel and automatic range finder and marked GAIN
(R1-44 and RT-99).

In this case the AGC detector is switched off and gain is controlled

' manually.

By rotating knobs of potentiometers R1-44, R7-99 it is possible to
change the voltége on the grid of the righf-—hand half of valve V1-10
(AGC amplifier) and consequéntly the output voltage taken from the cathode
and the bias voltage on the valve conti'ol grids of the two first stages of
the automatic tracking channel amplifier.unit. |

. ‘ When turning knobs R7-99 and R1-44 to their extreme clockwise positions

the voltage on the grid of the right-hand half of valve V1-10 (AGC amplifier)
relative to earth will be equal to the voltage drop across resistor R1-42
. (-1.5 to =2 V), i.e. will be the samé as that during automatic gain control

with the AGC detector cut off.

In this casé the circuit output voltage, i.e. the voltagé between the
cathode of the AGC amplifier and earth, equals zero and the receiving
system operates with maximum amplification factor. |

When rotating knobs GAIN (R1-44) and GAIN (R7-99) counter-clockwise
the grid. potential of the D.C. émplifier decreases and consequently the
circuit voltage becomes negative which results in decrease of the receiver

amplification factor.

. Voltage Stabilizer

For stable operation of the receiving system the plate circuits and

screen grids of the I.F. amplifier stages of the automatic tracking channel
NI : «+o/amplifier unit
SECRET /amp
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amplifier unit are supplied from the voltage stabilizer mounted on the
. chassis of the automatic tracking channel amplifier unit.

Stabilization of voltage in the given circuits protects the operation of
the receiving system from the oscillations of the mains primary voltage and
change of the load current.

The input of the voltage stabilizer, composed of regulating valve
V1-13 (GU-50) and control valve V1-14 (6P9) is supplied with a voltage of
about 360 V from the rectifier output (Fig.8%1, See Album). ‘

‘ ‘ The stabilized voltage is regulated by changing the resistance value
of resistor R1-54 with the help of slotted shaft '+1 20 V brought out to the
chassisy +the slotted shaft is set so that the voltage at the stabilizer
output is equal Ao +120 V.

"The operating principle of the stabilizer is describ_ed. above (See

Section 4).

. The presence, of the rectified voltage is checked with the aid of the neon

lamp N1-17 (+120 V) located on the front panel of the assembly.
6. RANGE CHANNEL AMPLIFIER

‘ The range channel amplifier unit (Figs 85, 86) is located in the left
upper corner of‘the main control board cabinet under the amplifier unit of
the automatic tracking channel. |

The range channel amplifier unit is designed for additional amplification
of signals to {;1 value ensuring the normal operation of the range indicator
unit, plan-position indicator unit and automatic range finder.

The range channel amplifier unit (Fig.87, See Album) consists of one
I.F. amplifier stage, a detector and three video amplifier stages. The
unit chassis carries +300-vol®: and -150-volt rectifiers as well,

. The input of the range channel amplifier unit is fed with I.F.!voltage
from the output of the eighth I.F. amplifier stage of the range channel

(V1-—11) located in the automatic tracking channel amplifier unit. The
first I.F. amplifier stage of the unit is based on a resonant amplifier

e
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with an oscillatory circuit in the grid circuit. The cathode circuit of
. valve V2-1 includes variable resistor R2-3 by means of which the range
vchannel amplification is regulated.

Resistor R2-3 is part of the divider in the circuit of the rectifier
voltage of +300 V. The slider shaft of the resistor is brought out to

v the unit front paﬁel and marked NOISE LEVEL SETTING. Resistor R2-1 is
the load of the output cable and its value equals the cable characteristic
impedance. Thé‘application of this resistor is similar to that of

. resistor R1-1 of the automatic tracking channel amplifier unit.

The signal voltage amplified by an I.F. amplifier stage (V2-1) is
applied to the detector, i.e. to the right-hand diode of valve V2-2 (6HES).
The overall intermeéiate frequency amplification of the range circuit
(from the input of the intermediate frequency pre-amplifier to the tonth
stage of the range channel intermediate frequency amplifier), is about \75,000.

The 1oa§ of detector V2-2 is resistor R2-T. Choke L2-3 and capacitor
C2-7 constitute an intermediate frequency filter which prevents penetration
of I.F. voltage to the video amplifier input.

’ ~ The first and second s_tages of the video amplifier (V2-3 and Vo-4)
. employ valves of the 674 type connected as triodes,; which ensures uniform
ampiitude characteristic.

The grid of the first video amplifier stage (V2-3) is fed with positive
pulses from resistor R2-7. Therefore, the initial negative bias from
divider R2—9, R2-10; connected into the —105—v61t rectifier, is applied
to the control grid of this valve to cancel out amplitude distortions
caused by grid currents.

For high-frequency compensation the plate circuit of the first stage

. contains choke L2-4 connected in series with resistor R2-12.
The negative pulse is applied to the grid of valve V2-4 and because

of this it is not supplied with additional negative bias.

TERET
CLADE R
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R2-22 whose total resistance value is 1.5 kilohms. =~ The negative voltage
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Resistor R2-17 and capaditor 02—11Aare correcting elemenfs improving
frequency characteristic of the stage and, consequently, of the entire
video amplifier. In the low-fréquency region the capacitive reactance of
capacitor C2-11 becomes greater than resistance value of R2-17. As a
result the negative feedback reduces amplification of the stage in the
low-frequency region, which is equivalent éo the hﬁgh—frequency Trise. The
stage operates without the initial negative bias, therefore, the bias on
the valve grid is determined by an average noise level. Should the noise
ariée the operzting point of the stage characteristic is shifted to the
right due to appearance of additional bias volfage caused by the grid current
acrosé resistor R2-16 whose value is approximately 470 kilohms. In this
case the amplification factor of the stage decreases and the previous noise
level is preserved on the tubes. Thus, approximately constant noise, level
is kept on the tube screens, which‘faéilitates observation of weak gignals.

The plate load of the second video amplifier stage 1s resistor 32—15.

Resistors R2-39, R2-14 and capacitor C2-12 constitute a decoupling filter

The third stage employs valve 6P3S (ve-5). The bias to its control
grid is fed by the -105-volt rectifier from divider R2-19, R2-20. The

plate load consists of resistors R2-26, R2-25, R2—24; R2-23, R2-21 and

pulses of 120 V amplitude are conducted to the range indicator unit
(to connector Zw3-4) from the plate load of this stage thréugh connector
Zw2-3.‘ |

From connector Zw2-2 the positive pulses are furnished to the range
finder unit (to connector Zw7-4). In this case the pulses are taken from
résistor R2-30 in the valve cathode circuit,

The plan-position indicator is suppiied with the output voltage through
the divider (resistors R2-28, R2-29). Q The negative pulses of 12 V amplitude

.,./taken from

CTANET
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taken from the part of the divider (R2-29) are applied to the plan-position
. indicator through connector Zw2-4 {pin 5)e B
The +300-volt rectifier employs two:kenotréns of_the 5048 type (V2-T7
and V2-3). Capacitors C2-20, C2-19 and-choke ﬁi2—1 constitute a mid-shunt
filter in the rectifier circuit. Connected in series wifh the choke are
two wire-wound resistors R2-33 and R2-34, one of them being connected as a
potentiometer and serves to regulate the rectifier output voltage duriﬁg
the unit tuning.
. The -105-volt rectifier utilizes kenotron of the 5043 (V2-9).  The
voltage of -105 V is stabilized by stabilovolt SG3S (v2-10).
The neon lamps N2-11 and N2-12 serve for checking the +300 V and the

-105 V rectified voltages. They are located on the front panel of the

assembly (Fig.85).

Chapter 5

RANGE MEASURING SYSTEM

1. GENERAL

The range measuring system is designed to measure the target range
continuously and accurately in the wanual or automatis range tracking mode
of operation and to synchronize the operation of the transmitter,'receiver
and the plan-position indicator system.

The range measuring system (Fig.88) consists of the following componentss:

& range unit, a range and very narrow gafe indicator, a‘range mechanism and
an automatic range finder.
. The range measuring system is fed from the power pack of the range
. measuring system and plan-position indicator and from lthe power pack of the
range measuring system. ‘
The range unit synchronizes the operation of the transmitter, the

receiver, the range and very narrow gate indicator unit, the automatic range

géﬁm vos/finder and
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finder ar%d the plan-position indicator unit. For this purpose the range
P “ .}

. unit genéré,tes sweep voltages ;for the fine and coarse range tubes, trigger

pulses to trigger the transmitter and start the plan-position indicator
sweeps, voltage pulses to brighten the sweeps of the coarse range tube,
pulses to form the plan-position indicator range markers, pulses gating
the sweep trace on the fine range tube and the plan-position indicator tube
and forming the electronic marker on the coa.fse range tube.

The range and very narrow gate indicafcor is designed for visual

‘ observation of the signals reflected from the targets. Besides, the unit
accommodates the final stages of the very narrow gate forming circuit. The
very narrow gate makes the receiver automatic tracking channel .conducting
and triggers the gate forming circuit in the automatic range finder unit
and the cirouit for forming an electronic marker on the fine range tube.

Short very narrow gate pulses, making the receiver automatic tracking

. channel conducting at the instant the signal reflected from the selected
target arrives, makes possible the tracking of the selected target
automatically in angular coordinates despite the presence of other targets

‘ located at various ranges in the zone of the antenna beam coverage.

The range mecharism unit is designed for mechanical control of the
devices for tracking the target in range (the phase shifter and strobe
decade potentiometer) with range data transmission by means of the coarse
and fine selsyns.

The unit incorporates the stages of the very narfow gate forming circuit.
ihen rotating the range knob the phase of the voltage; forming the very
narrow gate, reverses relative to the phase of the crystal generator voltage,
which alters the start of the very narrow gate and the position of the fine

. range tube electronic marker relative to the range zero mark.
| The automatic range finder unit provides continuous tracking of the

target in range. For this purpose the unit produces a 50 c.p.s. control

AT
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voltage which is applied to the automatic tracking motor in the range
mechanism unit.

’The value and phase of the control voltage are such that the automatic
tracking motor (rotating the shaft of the range mechanism and the'shaft of
the phase shifter) ensures continuous alignment of the elecironic marker’
with the signal from the target being tracked.

2. OPERATING PRINCIPLE OF RANGE
MEASURING SYSTEM

A functional diagram of the range measuring system is presented in

Fig. 89.

Formation of Swéeﬁs on Fine and Coarse Range Indicators

Circular sweeps on the fine_ahd coarse range indicators are formed
when the electron flow is acted updn by sine-wave voltages equal in
ampliﬁﬁde énd shifted in phase by 900. The indicator sensitivity for
horizontal and vertical deflecting plates to which sweep voltages shifted
in phase are applied, is different, therefore in practice the amplitudes of
the given voltages are also different.

The voltage applied to the vertical deflecting plates of the indicator
(Fig,90) céuses the indicator electron beam'and, consequently, the bright
spot on the screen to deflect up and aown from the centre by a value
proportional to the instantaneous value of the voltage.

The voltage applied to the horizontal deflecting plates of the
indicator deflects the bright spot to the left and right ffom the centre.
During simultaneous action of two voltages applied to the indicator
deflecting plates the bright spot moves both ih horizontal and vertical
planes successively passing points 0, 1, 2, 3, etc. on the screen, i.e.
moves in a circumference.

The time of one revolution of the bright spot equals the cycle of the
sweep voltage applied to the plates. |

e

.../To obtain
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To obtain the circular sweep on the fine range indicator the range unit
. and the range indicator unit produce two sine-wave voltages of 74.955 Kc/ S
shifted in phase by 90°.

The voltage of 74.955 Kc/s (approximateiy 15 Kc/s) is produced Ey the
crystal-controlled oscillator. The oscillation frequency of the ;rystal
oscillator is somewhat lower than 75 Kc/ss because the propagation velocity
of radio waves is not 300,000 lm/sec. but a bit lower than this value.

The oscillator voltage period, which is a precise time feferenoe,

. makes up 13.3 microsec. and equals the time required for the electromagnetic
siganl to make a round trip between the transmitter ands the target that are
two kilometres apart. Therefore, the length of the sweep circumference of
the fine range indicator corresponds to the range of 2 km.

To create a circular sweep on the coarse range indicator two sine-wave
voltages of 3.75 Kc/s are required. The frequency of these voltages is

. 20 times as small as that of the crystal oscillator and consequently the
time during which the sweep describes a circle on the screen of the coarse
fange indicator corresponds to the range of 40 km.

i ‘ The crystal oscillator voltage is applied to the frequenpy division

| circuit which generates voltages 5, 20 and 40 times lower than the frequency
of the crystal oscillator, i.e. approximately 15; 3.75 and 1.875 Kc/s. ‘The
frequency is divided by multivibrators.

The first multivibrator is synchronized by the voltage of the crystal

oscillator. This voltage is previously converted into a pulse voltage of
the same frequency in the trigger pulse oscillator stage. The circuit is
designed in such a way that the first multivibrator; which will be henceforth
referred to as multivibrator 15 Ko/s, .generates a pulse voltage whose |

. | frequency is five times as low as that of the crystal oscillator.

| The voltage of vmultivibrator 15 Ko/s _synchronizes in turn the next

multivibrator that divides frequency by four. Thus the voltage of the
_ \ et . ../second mul tivibrator
SECRET

Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA-RDP80T00246A031400010001-1



i S
Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA-RDP80T00246A031400010001-1

OLbiL] '
- 117 -

second multivibrator has 2 frequency 20 timss as low as that of the crystai

. oscillator, i.e. 3.748 Ke/s. This multivibrator is called multivibrator

3.75 Ke/s.

The output voltage of multivibrator 3.75 Kc/s of approximateiy square—~
wave form is applied to the resonance amplifier whose load is a phase-
shifting transformer. This transformer produces two voltages of 3.75 Kc/s
enual in amplitude and 900 out of phase in relation to each other. Tﬁese
voltages are applied through resonance transformer to two pairs of

’ deflecting plates of the coarse range indicator. The form of output
voltages of resonance trardsformers approaches the sine-wave form and therefore,
crea'tés a circular sweep on' the indicator screen; the duration of one
sweep revolutior_x corresponds to one period of the sine-—wa.ve voltage and
equals 266 microsec.

The signals reflected from the target are furnished from the output

. of the receiver range channel amplifier to central deflecting electrode of
both range indicators and form radial pips on the sweeps; i.e. target

markers.

‘ _ Trigeer Pulse Formation

The target range can be measured accurately only when the display of
the echo signals rerains stationary on the sweeps of the range indicators
or when the movement of the target signal on the indicator screens is
caused only by the displacement of the target in space. Therefore,
the moment the transmititer fires the pulse should always coincide with the
moment the electron beam passes the definite point on the sweep which will
correspondvto the range scale zero.

| The moment the electron beam passes the’ mentioned point is determined
' by the phase of voltages creating the sweep. This phase always corresponds
to the definite phase of the crystal oscillator voltage. This is obtained
by the use of the trigger oscillator pulses of T74.955 Kc/s for formation

- oo ./of trigger

)
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of trigger pulses. The trigger pulses (of a frequency of 1.875 Kc/sec)
. make the station transmitter bperativeu ‘

The trigger pulses of the required frequency are formed in the selector
%o which the trigger oscillator pulses of 75 Kc/s and strcobe pulses are
furmished. The strpbe pulses are formed by the circuit composed of
multivibrator 1.875 Kc/s, a limiter, a gating deiay and trigger pulse
electron relay, a strobe pulse width electron relay and a cathode follower.

The multivibrator 1.875 Kc/s synchronized by the voltage from the

. ) multivibrator 3.75 Ko/s, produces an A.C. voltage of approximately square-

wave form whose frequency is 40 times as low as the crystal oscillator
frequency. This voltage is used for triggering the gating delay and
trigger pulse electron relay in which the pulse of regulated duration is
formed.

The trailing edge of the pulse of régulated duration triggers the strobe

. pulse width relay which produces strobe square-wave pulses of 9 microsec.
duration. These pulses are applied through the cathode follower to the
trigger selector which passes only those pulses of the trigger oscillator
‘ ‘that are timed with the strobe pulses.

By changing the value of the strobe pulse delay within the range of
0 to 80 microsec. the strobe pulse may be timed with any of the five trigger
pulses coming in succession with 15.3 microsec. pulse interval. In this
case the trigger pulse is formed at the triéger selector output, corresponding
to the range zero and used to trigger the transmittef‘and the plan-position

indicator unit.

Formation of Gating Pulses for the Brightening of the Sweep

of Coarse Range Indicator

‘ Between two trigger pulses adjacent in time the electron beam of the
coarse range indicator makes two complete revolutions. As a result an error

in target range may arise. For instance, if the distance between the

SECRET

Declassified in Part - Sanitized Copy AibAproved for Release 2013/09/19 : CIA-RDP80T00246A031400010001-1

ae./station and



. N - oo
Declassified in Part - Sanitized Copy Approved for&’ewlyema“gq 2013/09/19 : CIA-RDP80T00246A031400010001-1

~ 119 -

station and two targets is 10 and 50 km.. respectively, the target echo
. signals on the screen of the coarse range indicator will be observed at the
same point on the sweep corresponding to 10 km.
To avoid errors when determining the range the sweep of the coarse
range indicator is brightened only for the period of the first revolution
of the electron beam after every trigger pulse. For the remainder of the
time in which the electron beam performs a second revolution,' the tube is
not brightened and targets at a distance of 40 vkm, or more are invisible on
‘ the screen. |
 The brightening voltage gating pulses furnished to the control
electrode of the coarse range indicator are formed with the help of the
gate width electron relay, generating positive square-wave pulses of
regulated duration (from O to 270 microsec. ).
The gate width electron relay is triggered by the gating delay and
‘ . trigger pulse electron relay, and therefore, the beginning of the coarse
range indicator gating coincides with that of the strobe pulse and leads the
beginning of trigger pulses by approximately half of the strobe pulse \
‘ duration (600 m. on the scale). Thus the radiated pulse can always be seen

on the screen of the coarse range indicator.

Strobe Pulse Formation

To determine the range more accurately the range measu:riné system is
provided with a fine range indicator whose screen displays any two-kilometre
section of the coarse range indicator sweep on a larger scale.

For a period between two successive pulses fii'ed by the transmitter
the electron beam of the fine range indicatﬁr sh\ould make 40 revolutions.
Therefore, the displays of the target echoes obtained on various reyolutions

. of the sweep are superimposed, thereby making it impossible for the operator
to determine on which revolution ’of the sweep after the transmitter pulse

one or another echo is displayed.

SE@RE{? oo ./To avoid
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To avoid this it is necessary that only that section of the sweep be
brightened on the fine range indicator which corresponds to the sweep
. section selected on the coarse range indicator.

The selected\sweeg section of the fiﬁe range indicator is brightened
by the strobe pulse applied to the control electrode of the fine range
indicator. In addition, the strobe pulse is used as an electronic marker
on the coarse range indicator.

By matching the electronic marker (strobe pulse) of the coarse range
indicator with the echo signal it is possible to determinelthe target range, -
i.e. to weasure the time between the moment the transmitter‘pulse is fired
and the moment the signal reflected from the target arrives. The time
delay of the stfobe pulse relative to the trigger pulse corresponds to the
slant range of the matehed target. This ranze is read on the scale of the
range meohanismc

‘ The strobe pulse forming circuit utilizes four valves of the strobe
pulse delay circuit, a strobe width electron relaj and a cathode follower.
The strobe pulse is set on the sweep by means of the range handwheel
which is mechanically coupled to the shaft of the strobe pulse delay
‘ potentioxﬁeter. Taken from the potentiometer slider is a D.C. voltage
which changes.linearly when rotating the handwheel and is applied to the
strobe pulse delay circuit,
The strobe pulse delay circuit is composed of a control valve; a trigger
valve, a limiter and a gquenching valve. The trigger pulses are applied
to the delay circuit from multivibrator 1.875 Kc¢/s.  The saw-tooth |
oscillator (phantastron) provided in the circuit produces linearly decreasing
saw-tooth voltage of 1.875 Kc/s, 4% the moment the amplitude of the saw-
tooth voltage equéls the value of voltage fed from the slider of the strobe
' delay potentiometer, the strobe delay circuit triggers the strobe width
electron relay. The saw-tooth pulse duration ensures the strobe delay

' from O to 40 km.

, ++o/The strobe '
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The strohe widsh electron reiay Qqharas positive and negative strobe

. pulses of regulated duration. Pcsitive strobe pulses are applied ihrough

the cathode follower to the selector of the very narrow gate circuit, to

the .eontrol grid of the finé range tube for gating the sweep and thence To

the plan~position indicator tube for gating fhe corresponding rangs section.

The strobe puises of negﬁtive polarity are appiied to tke cathode of the

coarse range tube %o produce an electronic marker in the form of a bright

apct on the sweep trace.

‘ , Formation of Very Narrow Gate and

Flectronic Marker of Fine Range Indicatox

Very narrow gate pulses of 0.3 micros\eo. duration serve to make the
receiver automatic tracking channel conducting When the sigaal reflected
from the selected target arrives to trigger the strobe forming circuit in
the automatic range finder unit and to trigger the electronic marker forming

. circuit. Wheh the vevry narrow gate has the above duration; the range
resolution is practically about 125 m., i.e. the antenna positicning system
will ensure accurate ;rack:‘z,z;;g cf either of the two targets which differ in

. rangs by not gcoatef than 125 m. (at manual ré,nge tracking).

Used as a reference vellage to obtain. the very narrow gate is the
sine~-wave voltage of the crystal oscillator.

"The woltage of 75 ’c/ s is applied to the input amplifier in the range

mechanism unit and then to the cathode follewsr and the phase shifter.
'he phase sh’.‘utm* produces a voltage whose phase changes linearly with
rotaticn of vthe phase shifter rotor. The latter is mechanically coupled
to ihe range handwheel. The voltage shif'ted in phase is amplified and is
applied %o the ¢lipper-amplifier in the range indicator unit.

. The voltage at the clipper-amplifier cutput has an approximately
square~wave form. The clipper-amplifier vcltage is used for shocking the
osciliatory circuit in the selector grid circuit into excitation. = The

control grid of the selector produces positive and negative pulses of

QW@&TF e /75 Ke/s.  Simultaneously
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75 Ko/s. Simultaneously the selector suppressor grid is fed witﬂ positiye
strobe pulses. “hen the strobe pulse is timed with one of positive pulses
cf 75 Ke/s the selector produces the pulse triggering the very narrow gate
blocking oscillators

The very narrow gate blocking oscillator generates narfoﬁ'backuto“back
saw-tooth pulses of positive and negative polaritye The positive pulse
is furnished to the receiver and the automatic range finder, the negative
one - to the electronic marker forming circuit which includes two blocking
oscillators and a deiay line for O.)4 microsec. |

Connected into the first cathode circuit of the blocking oscillatog
is the delay line for O.) microsec. opened at the ends The very 1'1auc'row:i
gate pulse triggers the first blocking oscillator and a positive pulse is
developed across the cathode resistor, which is reflected from the end of
the open line and in 0.8 microsec. appears on the cathode resistor. Frém
the cathode load two pulses shifted in time by 0.8 microsec., are applled to
the second blocking oscillator of the electronic markere. In the cathode
cireuit of the secend blocking oscillator two back-to-back saw-tooth pulses
are produced which are supplied in succession to the cathode of the fine

range indicator forming two gaps on the sweep trace, i.e. the electronic

markers

c

The range is determined accurately by setting the electronic meriker
of the fine range indicator symmetrically relative to the echo signal so
that the end of the first and the beginning of the second mark of the
electronic marker are equally spaced from the sweep line, the target range
may be read on the scales of the range mechanism unite

Principle of Automatic Range Tracking

A simplified functional diagram of the automatic range tracking
follow-up system is shown in Fig. 91.
The automatic range trackiig circuit ensures continuous automatic

tracking of a target at the distance of 0.5 to 35 km. from the station.

ggﬁﬁﬁ v e eo/The automatic
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‘;'The" ‘va.utbq;aﬁtic' fé‘hge finder allows the tracking of targets moving at a speed
-v q;f‘_fQﬂ.j;vog&SO——m/»sec.' ' J : | N
Provision is made in the mechanism for manual target tracking in range
with the help of the manual tracking handvvheél. The target is ‘tracked
marually when automatic target tracking is impossible.
To track the target automatically in angular coordinates the receiver
- antomatic tracking channel should be made conducting at the instant the
| signai returned from the moving target arrives. The moment the very
‘. narrow gate appears is determined by the position< obtained by the shaft of
the 'phase shifter and the shaft of the strobe potentiometer, i.e. by the
position of the range mechanism. Thus, the follow-up system must
automaticgily rotate the range mechanism at the speed the target slant
range- changes.
The very narrow gate pulse triggers the split gate forming circuit
. through a delay line of 0.17 microsec.

Two square-wave pglses equal in amplitude and duration are obtained «;:Lt

the output of the gate forming stages; the end of the first pulse being

. v matched with the beginning of the second. Thus two pulses are a;ccura‘bely
aligned with the very narrow gate pulse. | Pulses of 0.6 microsec. duration
ensure the range resolution of 200 m.

The delay wvalue (0.17 microsec.) is selected so that at the instant the
pulses on the discriminator symmetrically divide the video signal, the very
narrow gate passes the signals from the target being tracked through the
receiver automatic tracking channel. In this case the electronic merker
on the fine range indicator is set symmetrically relative to the target echo.

The video, signals from the receiver range channel are amplified by the

‘ video amplifier in the automatic range finder and are furnished to the error

signal time discriminator. The discriminator separates the target echo

from other signals and halves_ ite-

SECRED
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~~ The separated pulses are converted in the error signal discriminator
‘ in.D.C. volfages and the difference of "areas" of the separated pulses
determines the value of the error signal. Both separating sigﬁals are
produced during transmission of every pulse.

The error signal is amplified by the D.C. amplifier and from the
cathode folléwer igs applied to the converter. Taken from the converter
transformer secondary winding is an A.C. voltage\of 50 c.p.s. modulated by
the error voltage. |

‘ The error voltage of 50 c.p.s. is amplified by the resonance amplifier
whose amplification factor is automatically regulated by changing the bias
on the control grid. The bias voltage is developed by detecting (in the
AGC detector stage) the video signal applied from the automatic tracking :
unit.

The amplitude of the video signals depends upon the change on the
targét range. A decrease in the video signal amplitude (at the same error
value between the split gate and the signal) causes a decrease of the
error signal, as the difference of the separated pulse "areas" decreases.
. The AGC in the D.C. amplifier ensures constancy of the common

amplification factor of the automatic range finder tracking system over the
entire band of target tracking inv range.

The error voltage of 50 c.p.s. is applied to the control winding of .
the automatic tracking motor in the range mechanism unit.  Depending on
the value and phase of the voltag.e thé motor drives the range mechanism,

following up the error signal and ensuring continuous symmetrical alignment

of the electronic marker with the target echo signal on the fine range tube.
3. RANGE UNIT
‘ A ey diagram of the rarige unit is presented in Fig.92 (See Album).

The front panel and the unit top view are gshown in Figs 93 and 94.

oo ./The voltage

Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA-RDP80T00246A031400010001-1



Declassified in Part - Sanitized Copy Approved for@%ﬂ%g%,sge 2013/09/19 : CIA-RDP80T00246A031400010001-1
\!

- 125 -

The voltage wave forms in separate stages of the rangé» unit and their

. time relations are shown in Fig.95.

Crystai Oscillator

| The crystal oscillator is designed to obiain a sine-wave ivolta.ge of
75 Ko/s (74.955 Kc/s more precisely) having high stability in frequency.

‘ The ‘application of the crystai makes it possible to ensure constancy
ot the frequency of the voltage produced by the oscillator within h 4 c.p.s.
at temperature variations “rom -40 to +6OOVC. In this éase the rangd

‘ 'measuring errors caused by the oscillator frequency drift do not exceed

Ion (at a distanée of up to 40 km.).

The c:‘ystqu oscillator is based on an electron-coupled circuit
employing valve V8-1 (6K3) which functions as a self-excited oscillator and a
sine-wave voltage amplifier. In the oscillator circuit the valve screen

. grid functions as the plate. Used as negative feedback_ voltage is a

voltage developed acroes choke L8-1 located in the cathode circuit. The
plate circuit of the valve is used to amplify the voltage of 75 Ke/s.

The range unit is provided with two crystals K8-1 and K8~2. One of

1 . them is an operating crystal, the other is a spare one. The crystals are

switched over by setiing the spare_. crystal in place of the operating one.

When sustained oscillations of 75 kc/s are ‘established in the cirouits
of the control and screen grids of valve V8-1 the plate current of the
valve will contain the D.C. component of the same freqﬁency. Connected
into the plate circuit of the valve is the primary circuit of pha.se shifting

| . transformer Tr8-1. ‘ "I‘he circuit of the transformer contains two resonant

circuits arnd two coupl'ing coils.

The phase shifting transformer produces two sine-wave voltages, shifted

O in phase by 900 with respeci to each other, which are taken from the coupling
coils.
These two voltages are fed out to the range and very narrow gate

indicator, thence they are applied through resonant step-down transformers

- SECRET -
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to two pairs of deflecting plates of the fine range indicator to form the
‘ circular sweep.

The primary and secoﬁdary circuits of traﬁéformer Tr8-1 are tuned to
the frequency of 75 Kc/s and have weak coupling between each other.’ The
weak coupling is selected to diminish the influence of one circuit on the
resonance curve of the other circuit.

The primary circuit coil is tightlj coupled with its coupling coil.
These two coils have a common alsifer core with a shaft brought out on top

‘ of the transformer housing. The secondary circuit c;)il is also tightly
coupled with its coupling coil and the shaft of their common alsifer core
is brought out through the base of the transformer housing.

The A.C. component of current I1 flowing th¥dugh coil L8«2 of the
primary circuit creates a variable magnetic field due to which alternating
E.M.F,Ez, lagging in phase by 90o from current I1' s is induced in coil ‘

. L8-3 of the secondary circuit (Fig.96).

Electromotive force E. produces current I, in the secondary circuit

2 2

which in case of resonance tuning of the secondary circuit is in phase with

2

of the primary and secondary circuits prove to be shifted in phase by 90o

. electromotive force E . Thus with the tuned secondary circuit the currents

with respect to each other, These currents induce electromotive forces
E3 and E4 in the coupling coils, which lag the currents by the same angle
of 900. Therefore, the electromotive forces in the coupling coils prove to
be shifted in phase by 90o as well.

Provision is made in the'cfystal oscillator circuit for the following
four regulations which ensure the correct form and diameter of the sweep
on the fine range tube:

1. Resonance tuning of the primary circuit of the phase shifting
transformer to the oscillator frequency. The tuning is carried out by the

alsifer core with a shaft brought out to thé top of the transformer housing

and by variable capacitor C8-54 whose movable platevsﬁaft is brought out

gﬁ;ﬂ@ﬁ . «eo/to the
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to the front panel of the unit and is marked GENERATOR. With resonance
. ~tuning of the phase shifting transformer primary circuit maximum voltages

are developed across the coupling coils and; consequently, the maximum

diameter of the circular sweep on the fine range vindicator is obtained.

2. Regulation of the diameter of the fine range indicator sweep which
is done by changing the voltage on the screen grid of valve V8-1.  The
change of thié voltage causes the change of the amplitudbe of the crystal
oscillator A.C. voltage and therefore the amplitude of the voltages taken

‘ from the coupling coils of the phass shifting transformer. The screen grid
voltage is regulated by variable resistor R8-36 whose shaft is brought out
to the right-hand part of the unit front panel and is ﬁarked DIAMETER.

3. Tuning of the secondary circuit of the phase shifting transformer
to obtain the required phase shift between the sweep voltages., This
tuning is carried out by the alsifer core with a shaft brought out to the

. bottom of the transformer housing and by variable capacitor C8-58 whose
movable plate shaft is brought out to the right-hand part of the u_nit. front
panel and marked PHASE. At accurate tuning of the transformer secondary

. circuit to the crystal oscillator frequency the phase shift between the two
sweep voltages becomes equal to 900. If in this case the amplitudes of
both voltages are the same the sweep assumes the shape of correct
circumference. When the secondary circuit is detuned the phase shift
between the two sweep voltages differs from 900 and the sweep assuhes the
shape of an ellipse whose axes occupy inclined position relative to the
planes of the tube deflecting plates.

4. Balancing the amplitudes of the two sweep voltages, which is
effected by variable resistor R8-38. Its shaft is brought out to the

‘ right-hand part of the unit front panel and is marked BALANCE.

Tuning with the aid of the alsifer céres is usually done in the

manufacturing plant; it should not be carried out when the set is in use,

SEERE{ _ voo/unless it
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unless it is impossible to arrive at correct tuning by using controls
. brought out to the front panel of the unit (for instance due to consideréble
change in thé climatic conditions).

If the phase shift between the ﬁwo sweep voltages is 90o though the
amplitudes are not equal, the sweep trace assumes the shapg of an ellipse
whose axes are parallel to the planes of the tube deflecting plates.

Variable resistor R8-38 makes it possible to change the quality factorl
of the tuned secondary circuit and thereby change the amplitude of the

. voltage takén from the appropi‘iate coupling coil.

| It should be borne in mind that the regulation of the phase shift
between the two sweep voltages slightly changes the relationship of these
voltages, while the regulation of the amplitude of the voltage taken from
the coupling coil slightly Qhanges the phase shift between the two sweep
voltages. Therefore when tuning the unit it is necessary sometimes to

. perform alternately both last regulation prpcedures (by potenjciometers

PHASE and BALANCE) until the sweep assumes the shape of correct circumference

on the screen of the tube.

‘ Trigger Pulse Oscillator

The trigger pulse oscillator employing the right-hand triode of valve
V8-6 (6N8S) is a buffer stage placed between the crystal oscillator and
succeeding stages which serves at the same time to convert the sine-wave

voltage of 75 Kc/ s into positive voltage pulses of the same frequency.

The sine-wave voltage of the crystal oscillator (Fig.95, a) is applied
to the grid of the right-hand triode of valve V8-6 through coupling
capacitor C8-21. As the voltage rises on the grid from the plate current
cut—off level to its maximum valuevthe stage operates as a cathode follower

. and the voltage on its cathode increases approximately-sinusoidally. This
results in charging of capacitor €8-20. When fhe voltage on the valve

grid begins decreasing, the rate of the voltage decrease on the cathode

SESQHT .+ +/proves to
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'proves to be limited by the rate at which capacitor (8-20 discharges through
. resistor R8-25. The time constant of fhis circuit is about 5 microsecot,
which results in considerably slower voltage drop on the cathode as compared
with the grid. This brings about a rapid cut—off of the valve, after
which the voltage on its cathode drops exponentially until the voltage rise
on the grid mekes the vaive conducting again (Fig.97).
W‘ith the voltage on the grid approximating +105 V relative to
earthgv {he grid potential equalizes the cathode potential and the grid
| ‘ current appears in the valve which rapidly charges coupling capacitor c8-21.
| The time constant of the discharge circult of this capacitor (c8-21,
R8-26) is very large (110,000 microsec.). As a result an automatic
negative bias voltage is developed on the grid of the right;hand triode of
valve V8-6.  This voltage is approximately equal to the excess of the crystal
oscillator voltage amplitude above the level of 105 V. The amplitude
. value of the crystal oscillator voltage is about 115 to 120 V, therefore the
negative bias voltage on the valve grid relative to earth amounts to
10 - 15 V.
. Positive voltage pulses are applied from the valve cathode to the
control grid of valve V8-13 of the trigger pulse selector. These pulses

are also used to synchronize multivibrator 15 Kc/s.,

Freqguency Dividers
The frequency of 75 Ko/s is divided by the circuit composed of ‘thr-ee
multivibrators in which the oscillation frequency is decreased five, four
and two times, respectively.
The first multivibrator producing the voltage of 15 Kc/ s employs
double tricde V8-2 (6N9S). The voltage of trigger pulse oscillator causes
‘ . the multivibrator to be synchronized and produce an A.C. voltage whose
frequency is five times as low as that of the 'synchropizing pulses, i.e. a

frequency of 15 Kc/s (Fig.95, b). Thus, the multivibrator serves as a

SE@?&E ... /Mo ensure
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To ensure reliable synchronizing by the trigger pulse the multivibrator
. rcircuit parameteré are selec'ted_so thaf its natural frequency is slighily
less than 15 Ke/s.
Fig.98 is a representation of charts of voltages aoting in multivibrator
15 Kc/s (V8-2), the solid lines belonging to the mode of synchronizing
oscillations, and the dashed ones to the multivibrator free oscillations in
the absence of synchronizing pulses.
Free oscillations are generated and maintained in the following way:
. When switching on the, pléte_voltage, plate currents flow through both
triodes of valve V8~-23 coupling capacitor C8-5 is charged to the value of
the right-hand triode plate voltage, while coupling capacitors C8-6, C8~T7
to the valae‘of the left~hand friode plate voltage.
It may be assumed that at the initial moment the currents passing
through both triodes ofvthe valve and, consequently, the voltages across
. the coupling capacitors are equal since load resistors R8-5A and R8-5B
having the same vaiue are connected into the piate circuits of both triodes.
But such balance is not stable in this system.
‘ Any accidental change of the current flowing for instance, through
‘ the left-hand triode causes the vdltage to change on its blate. Thus,
for instah¢e, a decrease of the left-hand triode current involves a voltage
rise on its plate. This voltage rise is conducted through the coupling
capacitor to the grid of the right-hand triode and causes an increase of
the current flowing through it. The rise of the right-hand triode plate
current is accompanied by a decrease of its ﬁlate voltage due to an increased
voltage drop across load resistor R8-5B. This voltage drop is conducted
from the right-hand triode plate to the grid of the left-hand triode
. through coupling capacitor C8-5 and causes & further decrease of its plate
current.
Thus, any accidental, even the smallest, decrease of the plate current

of the left-hand triode gives rise to a process going on in an avalanche-

. @E’ﬁﬁw L e -/like manner
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like manner, which brings about a complete cutting off of this triode.. In
. this case the grid voltage of ‘bhe/lef’cwhand triode drops appreciably lower
than the cut-off level. Simultanecusly coupling capacitor C8-5 begins to
slowly discharge through the right-hand conducting triode of the valve
through resistor R8-4. As the capacitor discharges the grid voltage of_
the levf"t-—hand triode gradually increases. % the moment it reaches the
cut—-cff level a plate current appearé in the left-hand triode and the
voltage on its plate decreases. This voltage decrease conducted through
. the coupling cépacitor to the grid of the right-hand triode causes a decrease
of its plate current and, consequently, an increase of the plate voltage
which in turn is appl;led through coupling ¢apacitor €8-5 to the grid of
the left-hand triode. Thus, another avalanche-like process of the
multivibrator turnover is started, which results in the conducting left-
band triode, and cut—off right-hand one.

The system remains in this state until the grid voltage of the right—-,
hand triode, which is gradvally i.ncreasing during the discharge of the
coupling capacitor through the left-hand triode and i:-es‘ist;J; VR8-7,v reaches'
‘, the cui--off level. A'!; this moment the right-hand triode is ﬁlade conducting,
whereas the left-hand triode is cut off, i;ea another turnover of the circuit
takes place. Further the pfocess ig repeated.

Thus the muliivibrator generates oscillations whose frequency is
determined in the main by time constants of the ’grid circuits, i.e. the
circuits formed by the coupling capacitors and grid leak resistors. This
frequency is called the multivibrator natural frequency.

In order to obtain the multivibrator oscillations with a frequency
five times as low as that of the crystal oscillator voliage, the multivibrator
‘ is synchronized by positive voltage pulses from the trigger pulse oscillator.

These voltage Dulseosa”o fed out through a differentiating circuit formed
by capo.c:.tor C8-4 and A.C. res:l.stance between the plate of the lefi-hand

triode aud earth. The value of this resistance at ‘the moment or

gE@E@E@ e/ synchrcni'z,;atio.n equals
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syachronization eguals the equivalent resistance of the circuit consisting
. of a parallel combination of three resistorss the differential resistance of
the left-hand triode (PL) and the resistance of the grid - cathode section
cf the right-hand triocde, as long as the coupling capacitance is considerably
greater than the capacitance of (8-4. |
Tne time constant cf the given differentiating circuit makes up

fractions of a microsecond; i.e. considerably shorter than the duration of the
pulses produced by the itrigger pulse oscilla’so;f (13.3 microses. ). Therefore,

‘ the plate cof the left-hand triode of valve V8=2 is fed with rather vshor‘c
positive voltage pulses, small in amplitude (Fig.98, b), which are timed
with the mcst steep pvart of the positive leading edge of each pulse supplied
from valve V8-6 (P'ig.98, a). Considerably more flat negative voltage
drops on the cathode of the trigger oscillator valve do not practically
produce noticeable negative voltage pulses at the output of the

. differentiating circuit, i.e. on the plate of the left-hand triode of valve
v8-2.
Through the coupling capacitor the short positive synchronizing

‘ voltage pulses are furnished from the plate of the left-hand to the grid of
the right-hand triode of valve V82 (Fig.98, ¢, d}.  Those pulses which
arrive when positive or zero voltage is acting on the grid of the right-hand
triode {pulses 0, 3, 4y 5 in Fig.98) céuse noticeable charge of coupling
capacitors C8-6 and (8-7 on account of the grid current of the right-hand
triode. As a result at the moment of a pulse end the grid ﬁoltage of the
right-hand tricde drops considerably below the value which was at the

. . - £ e Y . N . e »
beginaing of the pulse (Fig.98, d). According to it the amplified negative
pulse on the plate of the right-hand triode will end at more high voltage

‘ level as compared with that from which it has started (Fig.98, b).

These negative pulses sre furnished through coupling capacitor C8=5

from the plate of the righi-hand triode to the grid of the lefi-hand triode.

%E@@E@ oo ,/As a
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As a result the grid voltage of the left-hand triode by the moment the pulse

‘ ends proves to be considerably higher than the value it wculd be equal %o

in the absence of synchronizing pulses (Fig.98, f).

With properly selected parameters of the multivibrator circuit the
positive voltage drop at the end of every fifth negative pulse, furnished
from the plate of the right-hand triode to the grid of the left-hand triode,
causes the appearance of the plate current in the left-hand triode and an
agsociated a.vaianche—like process of complete opening of the. left-hand

. triode and’cu'i:‘ting«off of the right-hand triode. In this case a steep
negative voltage drop, large in amplitude is developed cn the plate of the
left-hand triode. |

Thus the multivibrator produses oscillations with a frequency exactly
five times as low as the frequency of the synchronising pulses; i.e. the

| frequency of the cwystal oscillator.

For stable synchroncus operation of the multivibrator with the desired
frequency the parameters of its circuit are selected so that the cycle of
the mul_tivibrator natural oscillations is scmewhat in excess of the five
| ‘ cycles of the crystal oscillator oscillations. The frequency of the

multivibrator natural oscillations is regulated by variable capacitor c8-6
whose shaft is brought out to the front panel of the range unit and is
marked 15 Ko/s.

In the multivibrator circuit parameters are varied within small limits
the moment the positive voltage begins dropping on the plate of the left-
hand triode (i.c. the moment the right-hand triode is triggered) changes in
relation to the synchronizing pulses,; while the moment when the negative
voltage drop begins to be developed on the plate (i.e. the moment the right-

. hand triode is cut off) is always coincident with the moment of action of
every fifth synchronizing pulse. So during the operation of the given

multivibrator it is the negative voltage drops on the plate of the left-

hand triode that are strictiy synchronized. They are used in the circuit

S%%ﬁ | oo ./to synchronize
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to synchronize the multivibhrator 3.75 Kc/s and finally determine the starting
. - moment of successive multivibrators (frequency dividers) as well as %o delay
electron relay. |

Prom. the piate of the left-hand triode cf valve V8-2 the pulsgs
(Fig.98, c¢) are furnished to nexﬁ frequency division stage; i.e. the
multivibrator 3.75 Ke/s employing valve V8-3 through the differentiating
circuit formed by capacitor C8-8 and equivalen% 4,C. resistance between the
plate of the left-hand triode of valve V8-3 and earth. Due to a small

‘ time constant of the circult (about 0.1 microsec.) the plate of the left-hand
triodé of -valve V8-3 is supplied only with very short‘negative voltage pulses
of smail amplitude produced at the moment the negative voltage drops ocour
at the cutput of the differentiating circuit (Fig.99, a, b).

Wuch mere flat positive voltage dreps on the plate‘of the left-hand
triode of walve V8-2 do not practically produce positive voltage pulses at
the output of the differentiating circuit.

From the plate of %he lefi-hand triode of valve V8-3 short synchronizing
pulses are furnished through coupling capacitor C8-10 to the grid of the

‘ right-hand triode (913.99, Cs a). The pulses that are applied %o the
grid of the right-hand triode when it is triggered (pulses 0, 3, 4 in
Fig.99, b) are amplified and as positive voltage pulses are furnished from
its plate (Fig.99, e) -té the grid of the left-hand triode (Fig.99, f).

The parameters of the circuit multivibrator are selected in such a

manner., that the voltége on the grid of left-kand triode does not reach the
cut-off level when acted on by the third synchronizing pulse. Only the
fourth synchronizing pulse causes the grid voltage of the left-hand triode
to exceed the cut-off level. In this case the circuit is turned over in

. an avalanche-like manner, which gives start to a steep negative voltage
drop cn the plate of the left-hand triode. Every four cycles of

synchronizing voltage this process is repeated, etlc.
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Thus, the multivibrator produces cscillations with a frequency exacily
‘ four times as low as the oscillation frequency of the first multivibrator
| and 20 times as low as the frequency of the crysial osci_llator (Fig.95, e).
'.‘;n this case the steep negative voltage drops on the plate of the 1eft-hand
| " triode V_8-3vare timed with the moment of action of every twentieth
synchronizing pulse coming to the first multivibrator, i.e. with every
twentieth voltage pulse at the trigger pulse oscillator cutput (the cathode
of the right-hand triode of valve V8-6).
‘ ‘ To make the syachronizing operation of the multivibrator stable it is
necessary that the period of its natural oscillations should be slightly
in excess of. the four periods of the synchronizing voltage (dashed lines
in Pig.99, ¢, d, e, f), i.e. that the frequency of multivibrator natural
oscillations should be somewhat less than 3.75 Kc/ Se The frequency of the
multivibrator oscillations is regulated by variable resistor R8%12 whose shaft
. is brought out to the front panel of the unit ahd is marked "3-:75 Kc/ s",
The voltage from tﬁe plate of the left-hand twicde of valve V8-3 is
used to synchronize the fthird muitivibrator {miltivibrator 1.875 Kc/s).
‘ In addition, this voltage is féd out to the amplifier 3.7H Ko/s through
coﬁpling capacitor C8-14. .

The multivibrator 1.875 Ko/s employing valve V8-4 (6N9S) generates a
voltage of 1.875 Ks/s which resembles +the voltage produced by the multivibrator
3.75"Kc/ Se This multivibrator differs from the previous one only by the
circuit parameters. The frequency of its natural oscillaticns is slightly
less than 1.875 Kc/s° It is synchronized by every second synchronizing
voltage pulse from ths muliivibrator 3.75 Kr:./ =N |

The mul‘c-iyi?z-rator natural oscillatiocns are regulated by variable

‘ resistor R8~i6. whose shafi is brought out to the front panel of "t;he unit
and is marked 1.875 Ko/s.  The process of the multivibrator synchronization
is similar to that taking place in the mul"aivibra_tof 3.75 Kc/s.» _

| M@ﬁﬁ eeo/Taus, with
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Thus, with proper tuning of all three synchronized multivibrators an
‘ A.C. voltage is produced on the plate of the left-hand triode of valve

V&-4 whose frequency is exactly 40 times as low as that of the crystal
c¢scillator, the negative drops of this voltage being coineident with every
fortieth voltage pulse produced by the trigger pulse oscillator.

The voltage from the plate of the left-hand triode of valve V8-4 is
applied through coupling capacitor C8-31 to the grid of valve v8-12 (6Z4)
which functione as a limiter, and {:hrough capacitor C8-29 to the penfode

. grid of valve V8-9 of the strobe delay circuit.

Amplifier 3.75 Ke/s

The amplifier 3.75 Kc/s employs valve v8-5 (6P3S). The plate load
of the valve is the primary circuit of phase shifting transformer Tr8-2
tuned to the frequency of 3.75 Kc/s. Therefore, when the valve grid is fed
‘ with an A.C. voltage of an a.pproxima.tely. square-wave from the multi%f'ibrator
3.75 Kc/s, A.C. voltages of the same frequéncy, whose wave~form is more
cios“‘e’ to the eiheéane, are developed across the phaee shiffing trensformer
windings. The autotransformer coupling of the primary circuit with the
‘ plate circuit pf valve adds to improving the wave—fofm of the voltages
acting across the transformer windings. |
Phase shiffing transformer Tr8-2 operates in the same way as the
above phase shifting transformér Tr8-1 and produces two voltages which are
used to form a circular sweep on the screen of the coarse range indicator.
To ensure a correct form of the sweep trace on the coarse range
indicator the following controls are provided for:
1. Regulation of the sweep diameter by variable resistor 38—21 o With
the help of this variable resistor the voltage feeding the screen grid of
. valve V8-5 is varied. As a result the valve grid-plate trensconductance
changes and so does the amplitude of the plate current A.C. component. The

shaft of the variable resistor is brought out to the left-hand part of the

unit front panel and is marked DW%?‘R
Jﬁm?} Moot
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2. Tuning of the secondary circuit of the 'phése shi‘f;cing transformer
‘ | by variable Capacifo;c C8-65: The capacitor shaft is brought out to the
left-hand part of the unit front panel and is marked PHASE.

3. Regulation of the amplitude of the voltage taken from the secondary
circuit, which is made by vafiable resiétor R8-19. The shaft of the
variable resisior is brought out to the left-hand part of the unit front
panel and is marked BALANCE.

The operation of the above controls does not differ from those of the

. | fine ranée indicator svlveep.

Besides; the primary and secondary circuits of the phase shifting
transformer are tuned by the cores of the circuit coils. The core pins
are located at the top and bottom cn the transformer body. The tuning by

these cores is usually done at the Manufacturing plant.

. ‘ Limiter

The limiter employs valve VB-12 (624). It is designed to generate
an A.C. voltage with rather steep edges .Whoée wave—form is nearly square.
The voltage that is the output of the\multivibrator 1.875 Kc/s is
‘ applied from the plate of the left-hand triode of walve V8--4 “bq the valve
control grid through coupling capacitor C8-31,
’I‘he distinctive feature of the limiting stage is a comparatively
small time constant of the coupling circuit through which the input voltage
is applie.d to the valve. The difference between the time constant of the
coupling circuit (1000 microsec.) and theiperiod of the multivibrator
1.875 Ke/s voltage (536 microsec.) makes it possible to obtain more correct
square-wave form of the voltage on the valve plate. ‘
If the time constant of the coupling circuit were considerably
‘ greater than the vper‘iod of the input voltage the multivibrator plate voltage
would be conducted to the valve grid almost undistorted, and practically ..

(due to grid detection) the grid voltage chart would be located below the

zero line and only its peaks would, be slightly above zero..

“pET
. . - #n I _a._aa_ Al
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Actually due to comparatively small value of the coupling circuit
‘ time constant the grid voltage of the limiter valve noticeably differs in
its wave-form from the output voltage of the multivibrator 1.875 Kc/s.

During the action of the negative voitage on the grid of valve V8-12
capacitor C8—31 is charged rather quickly. As a resuli the valve grid
veltage rises more fapidly than tﬁé voltage on .the multivibrator plate.

Thus; by the mcment the right-hand triode of the multivibrator 1.875 Kc/s
is cut off, the grid voltage of the limiter valve almost reaches the cut-off

‘ . level; i.e. ths limiter amplifies ouly the more steep initial section of
the positive pulse edge of the multivibrator 1.875 Kq/s.

When the voltage on the limiter grid reaches zero level the grid
currenf gives start to a rapid charge of capacitor C8-31. In this case
as a result of a small value of the equivalent resistance of the grid -
cathode section the grid voltage does not noticeably riée above 7eT0.

‘ At the moment when the negative voltage drops on the multivibrator .
the grid voltage of the valve sharply falls appreciably below the cut—off
level.

. Fig.100 shows the charts of the grid and plate voltages acting in the
limiting stage. As seen from these charts the output voltage of the
limiter valve has a wave-form whicﬁ is much closer to the square-wave than
the multivibrator voltage. |

Resistor 38—53 connected into the valve cathode circuit serves to
create .current negative feedback which is Weakened in the high~frequency
region b& capacitor C8-32, shunting resistor R8-53 (the time constant of
thisvcircuit makes up 150 microsec., i.e. considerably less than the
period of the input voltage).

‘ The application of the negative feedback with the rise of the high-

frequency compcnents adds to an increase of the voltage drop steepness at

| SEQQEE | ‘ o++/It should
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It should be noted that the most gteep voltage drops at the limiter
: . output as is seen from the above analysis of the synchronized multivibrator

operaticn, are always timed with the moment of action of every fortieth
voltage pulse at the output of the trigger oscillator (the cathode of the
right-hand $riode of valve V8-6).

The limiter output voltage is appliéd through the differentiating

| circuit to the input of the gating delay and trigger pulse electron relay

and its positive drops make this relay operative.

‘ Trigeer Pulse Formation

The trigger pulse forming circuit consisis of a gating andv trigger
pulse delay electron relay (V8-7), a sirobe-pulse width electron relay
‘(V8-14), a cathode follower (V8-64) and trigger pulse selector (V8—13),
The simplified diagram of the gating and trigger pulse delay electron
. relay is presented in I'ig.101. The eléctron relay utilizes valve V8-T7
(6N8S)‘. The plate circuits of both triodes of the valve are provided
with resistors R8-35 and ﬁ8~32 AB having approximately the same resistanée
value, whereaé the common cathode circuit of the valve - with resistors
@ o0 anaman

‘The grid of the righi-hand triode is connected through coupling capacitor

C8~23, with the plate of the left-hand triode and through high-resistance
resistor R8-34 to the +270-volt plate supply. The grid of the 1eft—-h¥and )
triode vis supplied from the slider of variable resistor R8-27 through-
resistor R8-29 with a positive voltage whose magnitude can be rebgulated
from O to -‘HZO V. ,

The shaft of variable resistor R8-27 is brought out to the front pane’l»
of the unit and is marked TRIGGER PULSE DELAY.

‘ The functioning of the delay electren relay is iliustrated by the

charts presented in Fig.i02, a, b, |

The positive square pulses from the limiter output are applied to the

grid of the left-hand triode of valve V8—7 through the differehtia.ting

@Eﬂ@ n'| nrd 4+ -F‘n-nmt:ﬂ
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circuit formed by capacitor C8-22 and resistor R8-29. The time constant

. of this cirguit ai'f;_ﬁilbrbxiﬁuately equals 0.5 microsec. due to which the grid is
fed in succession with culy short spike pulses of positive and negative
rolarity which ;:oincide with positive and negative drops of the limiter
ouiput veltage.

Before the positive voltage pulse is applied to the grid of the left-
hand triode ihe right-hand tricde of valve V8—7 is condué'bing. Due to
large resistance of R8-34 in the‘ grid circuit of the right-hand triode its

. - grid potential is piractically equal to fhe valve cathode potential. When .
thé plate current of the right-hand itriode flows, a voltage drop of about
40 V is Geveloped across resistors R8-30 and R8-31, placed in the common
cathode circuilt of the valve,

Thus, if, for instance, the grid of the left-hand triode is fed from
variable resistor R8-27 with a voltage of +16 V (relative to earth), the

. potential difference beiween the grid and the cathode equals —24 V, the
tricde is cut off and the voltage on its plate equals +270 V (relative to
earth). In this case capacitor (8-23 proves to be charged to a voltage of

. +220 V. |

This state of the circuit is stable and the circuit can remain in
this stafe until ﬂ1e voltage pulse is applied to the grid of the left-hand
triode of valve V8-7.

At the moment the positive voltage drop of the limiter occurs the grid
of the left-hand triode of valve VO-T is supplied with a sﬁort positive
voltage pulse which causes the left-hand triode to conduct and the voltage )
on its plate to decrease. This voltage decrease is cbnducted through
coupl ing capacitor C8-23 ‘;‘,o the grid of the right-hand triode, which

‘ results in the plate current of this triode being decreas-ed. This causes
a decréase of the voltags drop across the valve common cathode resistor
and, consequently, a decrease of the negative gfid voltage on the valve

left-hand triode in absolitte:magnitudés -
| SECRE]
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As a result the plate current goes on to increase and the plate voltége
on the left-hand triode decreases. Thus, an avalanche-like process of
the'circuit turnover develops ending in complete cut-off of the right—hand

triode of the valve. The value of the pléte current flowing through the

" left~hand triode after the turnover depends on the value of the voltagé

applied to the grid of this triode from potentiometer R8-27.  This current
is considerably smaller than that which has flown through the right-hand
triode before the turnover, since the érid of the right-hand triode is
connected to the positive voltage supply.

Afﬁer the circuit has been turned over, capacitor C8-23 begins‘
recharging comparatively slowly through a parallel combination of resistor
R8-35 and resistance between the plate of the 1eft;hand triode and earth
and series—coﬁngcted resistor R8-34. During the recharge the grid voltage
of the righf;haﬁﬂ'tricdevgrgdgally increases. The electron relay circuit
remains inithis new tempéraffrétéady state until +this gradually increasing
voltage reaéhes the value of the cut-off voltage.

At this moment the plate current appears in the right—hand‘triode due
to which the total voltage drop across the common cathode resistor increases
and, consequently, the grid voltage on the left-hand triode decreases. A
decréase of the plate current of the left-~hand triode brings about an
increase of the voltage on its plate; which through coupling capacitor
C8-23 is slowly passed to the grid of the right-hand triode and causes a
further rise.of its plate current.

Thus, start‘is given to a second avalanche~like process. As a result
the circuit is‘returned to the initial position and remains in it until
the hext positive voltage pulse is applied to the grid of the left—hand.
triode.

. If the grid of the valve left-hand triode is supplied with higher
positive voltage (relative to earfh) the plate current of the left~hand

triode, when the circuit is turned over; will be greater. As a result

G Qg?@?g oes / the negative
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the negative voliage drop on the plate of the left~hand +riode and on the
. grid of the right-hand triode during 'i:he turnover of the circuit increases,
and the cathode potential and the voltage levei, at which the right-hand

triode is cut off with %he circuit turned over, increases (Fig.102, b).

Thus, the time during which the right-hand triode is cut off increases ax;d
g0 does the duration of the voltage pulss produéed by the electronirelay.
The negative square pulses are applied from the plate of the left-hand
triode cf valve V8+7 to the grid of the left-hand triode of valve V8-14 of the.;
‘ Stro‘oeépulse width elsctren . relay through the differentiating circuit 4 \
composed of capacitor C8-37 and resistor R8-67. » | 1
At {he moment of the nsgative voliage drop the grid of ths lefi--hand
triode of valve V8-14 (6N8S)' is fed with a short negative voltage pulse
which does not affect the valve state. At the moment of the positive
voltage drop across the input of the differentiating circuit, i.e. at the
. moment the delay pulse is no longer applied, ’fhe grid of the leff-hand
triode of valvs V8-14 is supplied with a short positive voltage pulse
which triggers the strobe--pulse width electron. relay (Fig.103, a, b).
. The circuit and the cperating principle of the s"&fobe—pulse width
electron relay are the same as those of the delay electron relay.  The
strobe-pulse width electro_n relay differs from the latter by the circuit
parameters. Besideé, it has no pulse duration control. The width
slectren relay produces square strobe pulses of 9 microsec. dura.tic;n
(?ig.103,’d).
The positive strobe pulses produced on the plate of the right-hand
triode of valve V8-14 are applied through coupling capacitor C8-19 to the
grid of the lefi~hand triods of valve V3-6 which functions as a cathode
. follower. |
A VThe cathode follower is used to cancel out the effect of the next
selector valve V8-13 on the operation of the strobe-pulse width electron
relay.

0se / The trigger
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The trigger pulsé selector, employing valve V8-13 (6P9) is a final
link of the trigger pulse formiﬁg circuit.

The control grid of this valve is supplied from the poWer pack with a
negative vqltage of about -5 V through resistor R8~61. But when the valve
is operating the negative bias on its control grid is much greater iﬁ
absolute value‘than 5 V. The poSitive voltage pulses are furnished from
fhe trigger oscillator output, i.e. from the cathode of the right-hand
tricde of valve V8~6 to the control grid of the valve (V8-13) through
coupling capacitor C8-35.

The time constant of the coupling circuit formed by capacitor €8-35 and
resistor k8-61, equals 2200 microsecs s i.e. very large as compared with the
repetition rate of these pulses equal to 13.3 microsec. Due to the grid
detection and large time constant of the discharge circuit.of capacitof
C8-35 (relative to the charge circuit) the automatic bias negative voltage
is maintained on the control'grid of the valve. At this voltage peaks of
the»grid voltage chart are slightly above the zero line (Fig.103, f). Thus,
in time intervals between the voitage pulseé of 75YK§/s valve V8Q13 is
cut off on the control grid.

The screen grid of the valve is supplied from the power pack with a
voltage of about -24 V through resistor R8~62 so that the valve proves to
be cut off on the screen grid. The screen grid is supplied by the cathode
follower with positive strobe pulses through coupling capacitor C8-36 |
{Fig.103, e) with a repetition frequency of 1.875 Ke/sec.

The valve (V8-13) is made conducting when the strobe pulse coincides
with the peak of cne of the voltage pulses of 75 Kc/s fed from the trigger
pulse oscillator. With selected frequency relationship and the width of
the strobe pulse (9 microsec. ) smallér than the voltage cycle of the trigger
pulse oscillator (13.3 microsec.) coincidence may take place only once

every 40 voltage cycles of the trigger oscillator.

- SECRET
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By regulating the strobe pulse delay trigger pulses may be produced
by the action of any §f the first five voltage pulses of T5 Kc/s (B, C, D,
E, P, in Fig.103, f) following the pulse that has caused triggering of the
celay electron relay. | v

The delay is regulated by variable resistor R8--27, whose shafﬁ is
brougnt out to the front panel of the unit and is marked TRIGGER PULSE
DELAY. This shaft is set in such a position at which the strobe pulse
happens to be matched with the third voltage pulse of 75 Kc/s (pulse D in
Fig.103, f). Thus, the trigger pulée generated by valve V8-13 is delayed
for a pericd of 40 microsec. relative to the mcment of triggering the gating
and trigger pulse delay electron relay. - Such delay of the trigger pulse
is cauvsed hy the fact that the strobe delay circuit does not provide a
delay that is less than 10 or 15 microsec. \During triggering of valve
V8-13 negative pulse is produced ocn its piate (Fig.103, g).

From the plate of valve V8-13 the triggér pulses are furnished through
coupling capacitor C8-34 to the primary winding of siep-down pulse transformer
Tr8-3, This transformer is required for metching the output resistance of
the selector stage with the low input resistance of the cable through which
the trigger pulse voltage is conducted to tfigger the transmitter and the

plan-position indicator system.

Coarss-Range Tube Gating

The circuit forming thes coarse range tube gating consists of a gating
delay electron relay (V8-7) which is simultaneously used for the trigger pulse
delay. The operation of this relay is detailed aﬁove. The gating and
trigger pulse deiay is simultaneously regﬁlated by poténtiometer R8-27
whose shaft is brought out to the front panel of'the unit and marked
TRIGCGER PULSE DELAY.

The positive pulses of the square-wave voltage taken from the plate

of the right-hand triode of valve VB~7 with the wide gating switch in

g@ﬁ@ . ./position 0
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pesition O ~ 40 km., are furnished through the differentiating circuit to
. the gating widih electron relay (V8-15, valve of the 6N8S +yps), whose

simplified diagram is presented in Fig.104.

. This circuit is similar to that of the frequency division multivibrator

considered above, and differs from it in the arrangen&ent of the grids of
both triodes of the valve which are connected through resistors noct to
the cathodes but to the D.C. voltage supplies.
The grid of the left-hand triode of valve V8-15 is :supplied with a
. positive veltage of about +4 V from the divider formed bty resistors R8-70
and R8~78, while the grid of the right-hand one with a negative voliage of
-34 V from the power pack. Ag a result the circuit cannot operate as an
' autod;ﬁ.e and in the absence of trigger pulses tae left-hand triode of the
valve is always ccunducting, whereas %he' right-hand one is cut off,
Pogitive voltage pulses from the gating delay electron relay and the
. trigger pulsev, are applied to the grid of the\lef'i:-hand triode V8-15
through the differentiatiné cireuit composed of the capacitor C8-39 and the
equivalent A.C. résistance between the grid of the left-hand triode and earth. |
. The +time constant of ‘the coupling circuit is found to be very small
as compared with the delay pulse durvation. Therefore, the grid of the
lefi-hand triode at the beginning of the delay pulse is supplied with a short
positive pulse, while at the end of the delay pulse, with a negative voltage
p;tlse. |
The positive voltage pulse, coming to the grid of the conducting
triode, cannot change the circuit state, while the negative pulse gives
start to an avalanche-like process of cutting off the left-hand triode and
triggering the right-hand one, i.e. triggers the electron relay. |
. The duration of the circuit turnover is determined by the rate of
diécharge of capacitor (8-4i1, during which the grid voltage of the left-hand

triode rises steadily. At the moment it reaches the cut—off level a

§E§ﬁ€§g coe / second avalanche-like
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second -avalanche-like process occurs which .c'au‘ses the circuit to return to
@ ite initial position.

Generated on the plate of the left-hand triode are positive pulses of
the squere-wave voltage with an amplitude of about 100 V which are used
for gating the sweep on the coarse faﬁge indicator.

The duration of these pulses is regulated by variable resistor R8-T7
whose shaft is brought out to th‘e front panel of ‘thevunit and is marked

‘ CATING WIDTH.

| . Despite thé fact that the gating and trigger pulse are delayed and
regulated by the same electron relay, the beginning of the coarse range
indicator sweep gating somewhat precedes the end of the transmitter pulse.

When regulating the pulse duration, shaft GATING WIDTH is set so that
almost the ccmpiet_e 'circle of the coarse range sweep (about 39 km. on the '

range scale) will be gated.

Strobe Pulee Formation

The strcbe pulsss serve to form the very narrow gate, to gate part of

the fine range indicator sweep and a small part of the sweep on the coarse
. range indicator and the indicator of the plan—-po'si*uion indicator.

The strobe pulse forming channel is composed of a delay circuit ‘
(Fig.106), consisting of trigger valve V8-9 (6Z4), control valve V8-10
(624), limiter V8-11 (6H6S) and quenching valve V8-17 (6P9) and gating
width electron relay, employing valve V8-16 (6N8S).

The voltage from the multivibrator 1.875 Kc/s is applied to the

suppressor grid of the strobe delay circuit triggering valve through the

differentiating circuit formed by capacitor C8-29 and resistor R8-6.

| In the absence of the voltage pulses supplied by the multivibrator
. 1.875 Ke/s, the triggering valve is conducting as its control grid is
| connected through resistor R8-554 to the plate voltag\;_e supply of +270 V.

The valve circuit conducts the plate current which sets up a voltage drop

gE@RE}? «.o/of about
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of about 220 V aoroés resistors R8-69 and R8-93, which results in the

. voitage on the valve plate relative to earth being equal to about 50 V.

Tre suppre:Sson? grid of ¢ontrol wvalve VB—1O is connected to the mid-
roint of the divider, composed of resistors R8-10 and R6-14, which is
connected between the plate of the triggering valve and the point under
210 V supplied from the automatic range finder power pack, therefore, the
voltage on the suppressor grid is found 'ﬁo be equal to appreximately - |
80 V.  With such a voitage on the suppressor grid the control valve is

' ‘ cut off on the plate circuit. The plate of the control valve iis connected
to that of triode V8-11A whose cathode is supplied with a positive voltage
of +215 V. from the divider, formed by resistors R8-33 and R8~45 AB, and
through resistor R8-59 to the plate voltage supply of +270 V.

Provided the voliage on the diode cathode is less than that of the plate
supply, the current will flow through resistor R8-5) and diode V8-11A.

._ The differential resistance of the conducting diode is negligible and,
therefore, the voltage oh its plate and, consequently, on the plate of the
control vaive is set equal to +215 V. |

‘ When the'trigger valve is acted on by the negative pulse producec} as
a result of differentiation of voltage pulses supplied by the multivibrator
1.875 Kc/ 85 the plate curreﬁt of the trigger valve sharply decreases while
the plate voltage sharply increases.

'fhe positive voltage drop is applied through coupling capacitor C8-67
to fhe suppressor grid of the ccontrol valve removing the cut-off bias on

| suiapresso_x_' grid and the plate current appears in the plate circuit of this
‘ valve. The cui‘rent decreases the plate potential of the control valve.
The voltage decrease is ccnducted through coupling capacitor C8-30 to the
‘ . centrol grid of the trigger valve, thereby adding to its cut-off. This in
| turn increases the plate voltags of the trigger valve and the voltage on
the pentode grid of the control valve. The process resulting in cutting

off the trigger valve and triggering the control valve goes on in an

_ avalanche-like manner. gg@@ﬁ
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Simul taneously the negafive violtage drop on thé plate of the control
. ~ valve is conducted through coupling capacitors 08;-76, and 'C8-77 (Fig.92,
~ see Album) to its control grid, thus .opposing the plate current rise. A%
the end of the avalanche-like process the voltage on the control grid is
found to be approximatiely equal to the cut-off volitage. At the moment the
voltage drops on the plate of the control valve diode V8-11A is cut off.
fter the a;ralalmche—like process is over coupling capaéitors C8-76
and C8-77 begin discharging through an equivalent resistance composed
. of parallel comnscted resistors R8-59 and DiC. resistance of valve V8-10
as well as resistor R8-55B connected in series with them. As coupling
capacitors C8-76, C8~77 discharges, the control grid voltage of vaive
V8-10 gradudlly rises. 'I‘his rise involves én increase of the plafe
curren'é of control valve V8-10 and, cénséqﬁe“ntly, a decrease of the \}oitage
on its plate, which in turn is conducted thrdugh coupling capacitors
’K ‘08—-77, 08-76 to the conirol grid of valve V8-10, thus preventing a voltage
rise on it. As a result, the plate voltage drops at a constant rate,
i.e. linearly.
. The voltage drop cn the plate of valve V8-—10 is applied through
| coupling capac1tor C8-30 to the control ngd of the trigger valve thereby
keeping 1t cut off.

The linear voltage drop on the control valve plate stops at the moment
Ait becomes equal to the plate voltage of diode V8-11B.

Diode V8-11B is connected into the positive feedback circuit of 'the-
quenching valve V8-17, ‘In this ecase the quenching valve (V8-i7) is
conducting since its control grid due to connection of leak resistance
R8-96 to the positive voltage supply, is under a low positive ﬁoltage'

‘ (fractions of a volt) and a heavy cathode current of valve V8-17 flows

through the seccndary winding of feedback transformer Tr8-4.

When the plate voltagég @ib theeontrol vélve b‘é‘ﬁ'o**“‘"ég'ﬁal to the plate

g {
voltage of diode V8-11B, the diode beglns to conduct closmgfthe positive

i e 0 ./:E.eedback circuit
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feedback circuit of the quenching valve. The diode current sets up a

‘ voltage tdrop across resistor R8-49, due to which the plate potential of
diode V8-11B decreasesvand the negative voltage drop on the diode plate is
applied through coupling capacitor C8-51 to the control grid of the quenching

valve, thus decreasing its cathode current. The negative pulse produced

on the quenching valve cathode further reduces the cathode potentié.l of
diode V8-11B, thereby decreasing thé quenching valve current.
Thus, due to the positive feedback through transformer Tr8-4ﬁthe
‘ quenching valve is quickly cut off and the negative voltage puls;é which
| appears in its cathode circuit passes via coupling capacitor C8—74 to the
control grid of the control valve, thus cutting it off. This leads to an
increase of the voltage on the control valve plete and,; consequently, to
an increase of the potential on the control grid of the trigger valve.
| The trigger valve is made conducting, the voltage on its grid drops
. and so does th‘e voltage on fhe suppressor grid of the control valve. The
described process goes on in an avalanche-like manner. After the plate
voltage of the control valve has dropped linearly, the/ pulsé trailing edge
‘ is formed on the plate of the trigger valve. The 'brailing edge is the
| steepest section as the veltage drop on its plate is limi’bed only by
spurious capacitances, while the voltage rise on the control grid plate goes
on with the time constant determined by capacitors C8-30, C8-76, C8-T77 and
~ resistor R8-59.

An increase of the control valve plate voltage causes an increase of
the cé.thode voltage of diode V8-11B, the diode stops conducting and the
quenching valve is triggered.

The voltage rise on the plate of the control valve lasfs until it
reaches the cathode voltage of diode V8-114, i.e; +215 V.  From this moment
the diode is conducting and furt.hervvoltage rise on the control valve pla.té

ceases.

ggmﬁv - ves/The trai?ing
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The trailing edge of the voltage pulse produced on the trigger valve
plate is used for triggering the strobe-pulse width electron relay. The
moment the pulse trailing edge appears on the plate of the trigger valve
is determined by the duration of the linear voltage drop on the plate of
the control valve. The duration of the linear drop is in turn regulated
by the voltage change_on the plate of diode V8—1Y1B. Voltage to the diode
plate is applied from the mid-point of strobe delay potentiometer R4-21
placed in the range mechanism unit and kinematically coupled to the range
handwheel.

Rotating the range handwheel clockwise decreases the plate voltage of
diode V8-11B (voltage taken off the potentiometer mid-point) and therefore,
increases the duration of the linear voltage drop on the control valve plate.
In this case the trailing edge of the voltage pulse on the plate of valve
V8-9 is shifted in time while triggering the strobe width electron relay.

The circuit parameters are selected so that the duration of the linear
voltage drop on the plate of the control valve and, consequently, the
appearance of the pulse trailing edge on the trigger valve piate can be
regulated by changing the voltage on the plate of diode V8-11B, taken off
the mid-point of the strobe delay potentiometer, within the range of 15 to
320 microsec., which covers the required range band of 40 km.

It is necessary that the strobe pulses should be produced simultaneously
with the transmitter pulses with the strobe delay potentiometer slider in
one extreme position corresponding to zero position of the range mechanism
scales and with the other exireme position'corresponding to 40 km. distaﬁce.

Voltage to the sirobe delay potentiometeruﬁR4—21) is fed from the
divider composed of resistors R4-22, R4-27, R4-23, R4~-24AB,; R4-25 and
R4-26 located in the range mechanism unit. The strobe initial position
corresponding to zero range is regulated by variable resistor R4-23

whereas the strobe position corresponding to 40 km. ranges by variable

.../resistor R4-25.

SErprT
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resistor R4-25. The slotted shaft of both resistors are brought out to
‘ the front panel of %the range mechanism unit and are marked STROBE CONTROL,
BEGINNING - END. .
Fig.106 shows the location of strobe pulses in time at *.‘;wo extreme
. positions of the slider of strobe delay potentiometer R4-21.
The voltage pulse trailing edge on the trigger valve plate is used to
irigger the strobe pulse width electron relay employing valve V8-16 of
the 6N8S type (Fig.92).‘ The electron relay is similar in design and
. operating principle to the gating width electron relay and differs from it
by the circuit parameters. The duration of the strobe pulses produced by
the strobe-pulse width electron relay is regulated by variable resistor
R8-88 whose shaft is brought out to the front panel of the unit and is
marked STROBE WiDTH.
The strobe-width electron reléy produces the following two pulsess
‘ 1.( The nega.tive. strobe pulse of 15 - 20-volt amplitude taken from
resistor R8-51. The pulse is furnished to the cathode of .the coarse
rangs indicator and is used as an electronic marker.  When rotating the
‘ raﬁge handwheel, the electronic marker moves along the sweep trace
brightening separate sections of the coarse range indicator sweep. When
setting the electronic marker to the target echo, an approximate target
- range (within 1 km.) corresponding to this setting can be read én the
coarse range indicator scale. _

2. The positive strobe pulse of 110 - 120-volt amplitude taken from
the right-hand plate of triode V8~16. The pulse is used for gating the
sweep of the fine rangé indicator and triggering the selector valve of the
very narrow gate circuit. Besides, the pulse is applied to the plan-

. position indicator unit to brighten a sweep section corresponding to the
set range on the range indicators. Strobe pulses are furnished to the

very narrow gate and range indicator-and the plan-position indicator

gEERH ‘ ‘ +../through long
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through long shielded cables. Therefore, in order to keep as steep as
. possible the slope of the strobe pulse edges, which may be made less sieep
by large capacitance of the cables, the strobe pulse voltage is fed %o

these units through a cathode follower utilizing valve V8-8B (6N8S).

Cathode Fdllower 15 Kc/ s

The cathode follower 15 Ke/e (Fig.107) employing valve V8-8A (the left
half of vélve V8-8) serves to produce negative voltage pulses supplied to
thé plan-position indicatur system for controlling the range marker forming
circuit.

The multivibrator (15 Ko/s) voltage is applied to the grid of the
cathode follower through a différéntiating circuit formed by coupling
capacitor C8-25 and resistors R8-39 and R8-40. Thus obtained on the grid
are positive and negative pulses of 15 Kc/ s frequency.

. The amplitude of the positive voltage pulses, obtained as the result
of differentiation of flat and small positive voltage d‘rops of the
mul tivibrator 15 Kc/ s is app:peciably lower than that of the negative pulses,
because in addition during their formation fesistors R8-;-39 and R8-40 are
. found to be shunted by grid - cathode conducting section of valve v8-8A.

The negative voltage pulses on the cathode follower grid corresponding
to synchi'onized fronts of the multivibrator voltage 15 Kc/ 8 have an
amplitude of about 100 V.

The operation of the negative voltage pulses which trigger ithe range
marker formiﬁg circuif should not be confined to the valve cutting off,
because cf this the control grid of the cathode follower is supplied with
positive voltage taker. from divider R8~39, R8-40. As a result the bias
voltage on the grid (relative to the cathodg) equals zero. With such

. bias on the grid the negative voliage .pulses obtained due to differentiation
of voltage pulses of the multivib‘rator 15 Kc/ s pass easily through the
cathode follower without cutting it off.

SEGRET +++/The wave-forms

Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA-RDP80T00246A031400010001-1




Declassified in Part - Sanitized Copy Approved for Rflease~2013/09/19 : CIA-RDP80T00246A031400010001-1

LV VLYY

- 153 -

The wave-forms of voltages acting in the cathode follower circuit are
presented in"Fig.107.

‘The negative voltage pulses of 15 Kc/é are taken off cathode load

.R8-41 and are furnished to the plan~position indicator unit to trigger the

range marker forming circuit.
4. RANGE AND VERY NARROW CATE INDICATOR UNIT

The range and very narrow gate indicator unit is designed to obéerve
the signdls reflected from the target visually and to select the tracked
target by matching the electronic marker wifh the targei echo.

Formed in the unit are very narrow gate pulses of 0.3 microsec.
duré%ion which control the automatic tracking channel of the receiving
system.

-The front and the top view of the unit is presented in Figs 108 and
109, whereas the key diagram in Fig.110 (See Album). The range and very
narrow gate indioaﬁor unit is comprised of the indicator part\and final
stages of the very narrow gate and the fine range‘indica%or electronic
marker forming circuit. Used as indicators in the unit are two cathode~ray
tubes, type 8L030 : a coarse range indicator (V3-7) and a fine range
indicafor (V3-6). Location of the echo signal on the sweep circular traces
of the range indicators determines the target slant range (Fig.245). For this
purpose the operator rotates the handwheel to match the electronic markers
of the fine and coarse range indicators with the target echo signal and
reads the range off the range mechanism scales.

The circuit indicatof ﬁart is composed of two cathode-ray tubes, four
resonant transformers and a voltage divider.

The cathode-ray tubes are provi&ed with two pairs of deflecting plates
at right angles to each other and ah additional deflecting electrode
sealed in the screen centre (the central electrode).

SECRET

.../The deflecting
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The deflecting plates of the fine range indicator (V3-6) are fed with
. sine-wave voltages of 75 Ko/ g8 from the secéndary'windings of resonant

transformers Tr3-2 and 'I‘r3:-3 (Fig.110). The primary windings of these
transformers are supplied with voliage from the range unit phase shifting
tranéférmer Tr8-1 through contacts 7 and 3 of connector Zw3-2.

To matech the éweep centre with the centre of the fine range indicator
»so'reen one deflecting plate of each pair is connected through leak resistances
(R3-6, R3-9) to earta, and the other two plates to the sliders of

. potentiometers R3-27, R3-26 through resistors R3-7, R3-8. The potentiometers

are féd with a voltage of -100 V from resistor R3-22 of the -1.700-volt
divider ard +100 V from resistor R3-28 of the +490-volt divider. The
potentiometer sliders are set so that the centre of the sweep coincides
with that of the indicator. The slotted shafts of both potentiometers
are brought out to the front panel of theé unit and are marked CENTRING.
The sweep voliage is applied to the coarse range indicator (V3—7)
from step-up resonant transformers Tr3-4, Tr3-5, tuned to a frequency of
3.75 Ke/s. |
‘ The step-up resonant transformers are tuned in resonance with the
applied voltages by means of alsifer cores. The resonance‘tuning permits
an additional filtration of output voltages from harmonies inhereﬂt to the
voltages produced by the phase shifting transformers of the range unit.
Voltage is applied to the primary windings of these transformers from
the range unit through contacts 8 and 10 of blade connector Zw3-2.
The centre of sweep 40 km. is set with the help of two potentiometers
R3-31, R3-32, which are connected in parallel to potentiometers R3-26,
R3-27. Voltage from the potentiometers is fed to the horizontal and
‘4. vertiocal deflecting plates through resistors R3-36 and R3-34. The other
two plates are earthed through resistors R3-35 and R3~33.
The shafts of potentiometers R3-31 and R3-32 are brought out to the

front panel of the unit and are marked CENTRING.

&1,
DLl | .../Voltages to
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Voltages %o the électro&es of the fine and coarss range indicators
. are taken 'oﬁt from a divider formed by resistors R3~13 — R3-22. The
divider is fed through high-voltage connector Zw3-3 with a voltage of
-1700 V from the reciifier of the power pack,of‘the range measuring and
| plan~-position indicator systems. |
|
: Voltages to the cathode-ray tube electrodes are taken out from
potentiometers R3~13, R3~14, provided in the voltage divider. Turning
the potentiometer knobs changes the sweep brightness. The knobbed shafts

‘ of potentiometers R3-13, R3~14 are brought out to the front };;anel of the

unit and marked BRIGHTNESS.

Voltages to the first anodes of the cathode-ray tubes are applied from
potenticme%ers>R3—16, R3-17,; whose knobbed shafts are brought out to the
front panal of the unit and marked FOCUS. 'By operating these kmobs the
beam is focused.

The second anodes of the fine aﬁd coarse range indicators are earthed,
while the cathodes are connected to one of the divider points under a
negative voltage of somewhat lower than -1700 V.,

. Voltage to heat the cathode-ray tubes is applied from special
transformer Tr3-1, whose secondary winding is provided with high—voitage
insulation because it is under -1700 volts relative o earth. To brighten

i the sweep of the ooarse‘range indicator, strobe pulses of pésitive polarity
are furnished to the control electrode of the indicator from the range unit
through capacitor C3-8. Fed to the cathode~ray tube cathode through
capacitor C3—13Iare positive pulses of the electronic marker which create
two gaps on the sweep of the fine range indicator.

To brighten one reveluticn of the sweep the control electrode of the

coarse range indicetor is supplied with positive strobe pulses through

capacitor C3-12. The cathode of the -coarse rénge tube is fed through
capacitor C3-7 with negative sirobe pulses which create an electronic

) .../marker on
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marker on the coarse range indicator. The voltage pulses of the target
. ~ echo signals are applied from the range channel amplifier output £o the
central deflecting electrodes of the cathode-ray "r,ubés through connector
Zw3-4.
The circuit supplying voltage to the central electrodes of tubes
connected to each other is provided with selector switch W3-1 located én

the front panel of the unit and marked OPERATION - CHECK.

When setting selector switch W3-1 in position CPERATION the voltage
. pulses of the target echo siénals are fed to the central electrodes of the
catho&e-ra.y tubes.

With salector switch W3~1 in pesition CHECK the fine and coarse range
jindicators are used for checking voltages applied to the central electrode
when testing units through connector Zwl-T. Cornnector Zw3-7 is located
on the-front panel of the unit and is marked CENTRAL ELECTIIIODE.

. The range and very narrow gate indicator unit accommodates the final
stages of the cireuit forming the very narrow gate and electronic marker
of +the fine range indicator.
. The wave-forms of the voltage acting in the very narrow gate and
electronic marker ¢éircuit and their time relationships are shewm in Fig.112.

The initial voltage to form the very narrow gate and electronic marker
is a voltage of T5 Kc/ s whose phase changes in proportion to the amouﬁt the
range haﬁdwheel is {urned. This voitage is applied to connector Zw3-6
(Fig.110) of the range and very narrow gate indicator unit from the range
méchanism unit. From connector Zw3-6 the sine-wave voltage of T5 Ko/ ]
is impressed through an adapter.on the control' grid of the first clipper

amplifier (V3-1).

f. ' . Clipper Amplifier

The first clipper.é.mplifier employs the left half of double triode

6N8s (V3-14). . - \

QE&REF — «es/The triode
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The triode grid is fed with a voltage of 75 Ko/s having an amplitude
of about 5 - 6 V, while an A.C. voltage of 60 V is taken out from its
plate (Fig.112, a).

The wave-form of this voltage slightly differs from the sine—waveformaé
a result of clipping on account of the lower bend 6f the valvevgrid
characterisiic curvé. Voltage from the amplifier plate is applied through
coupling capacitor C3-22 (Fig.i11) to choke L3—15 which_through resistor '
R3-44 is connected to the zrid of the second clipper amplifier, i.e. the
right-hand tfiode of valve V3-1B.

During positive ha;f—oycles rlght—hand triode V3—1 conducts the grid
current which develops a volitage drop across r951stor R3-44, therefore
the voliage between the grid and the cathode during these half-cycles .is
maintained approximately at zero level. Thus, grid current causes clipping
of positive half-cycles of the sine-wave voltage (Fig.112, b).

This voltage is additionally clipped in the valve on account of the
lower bend of the valve grid characteristic curve. Therefore, the valve
plate current is nearly =quare.

If the grid circuit of clipper amplifier V3-1A (Fig.110) had been
provided with resistor instead of choke L3-1, then due to the grid current
flow through the resisior a voltage drop would have been developed whose
value depends upon the average value of the valve grid current. Therefore
from the unearthed end of this resistor voltage would be applied to the
valve grid through resistor R3-44, the voltage consisting of the A.C,

component supplied from the plate of the left-hand triode and the negative

D.C. component depending in value upon the amplitude of the A.C. component.

In this case the right-hand triode would be triggered and cut off slower.
Therefore, the current wave-form in its plate circuit would be less close
to the square wave-form. In this case the steepness of the current drops

as well as the phase (relative to the output voltage of the phase shifter)

$€£ﬁ§§‘ | .../would be
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would be in greater degree dependent upon the amplitude of the A.C. voltage
coming from the plate of the left-hand triode.

When using a choke possessing a very low resistance the voltage D.C,
compbnent,at its unearthed end is practically equal to zero, due to which
ihe right-hand triode is triggered or cut off by the action of the most
steep sections of the A.C. voltage taken off the plate of the left~hand
triode. Thus in this case maximum steepness of the clipper ampllfler plate
current drops is obtained and dependence of the phase of these drops
(relativé to the output voltage of the phase shifter) upén the amplitude of
the 4.C. voltage on the plate of the left-hand triode is eliminated
considerably. | |

During the action of positive half-cycles of the voltage, the clipper
amplifier conducts a grid current which develops a voltage drop across
resistor R3-44 proportional to the input voltage of negative polarity. As
a result the clipper amplifier control grid is supplied only with negative
half-cycles of the sine-wave voltage. In the valve this voltage is
amplified and clippecd additionally on account of the lower bend of the.
valve characteristic curve.

Thus, a voliage of approximately a square wave~form is obtained in the
plate circuit of *the clipper amplifier.

From the clipper amplifier plate the voltage is fed to the grid of

selector V3-2 employing valve 6Z4.

Selector
- The circuit of the seléctor gontrol grid is provided with choke L3-2
whose inductance and inter-turn capacitance constitute an oscillatory
circuit. The oécillation period of the circuit is about 1 microsec. At
the moment the voltage drops on the plate of the clipper amplifier

oscillations are excited in the circuit.

.../To increase
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To increase damping the circuit is shunted by resistor R3-45. As a
. result each time the circuit is shocked into excitation the first half
period of oscillations exceeds the succeeding ones in its amplitude. Thus,
it may be considered that for one voltage cycle of 75 Ko/ s one positive
and one negative voltage pulse of about 1 microsec. duration are produced
on choke L3-2 (Fig.112, ¢).

The beginning of these pulses is always coincident with the moment
the clipping triode is triggeredbor cut off. Therefore, when the phase

‘ shifter rotor is turned through any angle the phase of voltage pulses on
choke L3;2 (relative to the voltage applied to the input of the phase
shifter) changes by the same angie. |

The voltage pulses are directly applied from choke L3-2 (Fig.110) to
the control grid of the selector, i.e. valve V3-2 (624). Due to a large
value of the selector cathode load R3—~46 the voltage on the selector cathode
has a value approximating the cut—off voltage of the valve. Simul taneously
the selector valve is cut off on the suppressor grid by a negative voltage
of =90 V suppiied from the power pack of the range and plan-position
‘ indicator sysiems through contact 3 of blade connector Zw3-1.

During every cycle of 75 Kc/s voltage one positive and one negative
pulse are produced on the control grid of the selector. The suppressor
grid of the selector is supplied with positive strobe pulses triggering the
valve (Fig.112, d) through capacitor C3-27.

Only one positive pulse coinciding with the strobe pulse is amplified
on the seleo};or control grid during every cycle of 1.875 Kc/ s voltage.
Negative pulses of 1.875 Kc/s‘(Fig.,112, e) are produced on the selector
plate load R3-47 (Pig.110).

(. These pulses 'tr:l.gger av‘blocking oscillator, employing valve V3-3 of

the 6N8S type (Fig.ﬁo), which forms very narrow gate pulses,

SECRED R
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Very Narrow Gate Blocking Oscillator

Fig.113 is a representation of the blocking oscillator circuit.
In the absence of pulses from the selector plate valve Vi-3 of the

blocking oscillator is ocut off by a negative voltage of ~28 V applied

~through resistor R3-50 from the power pack of the range and plan-position

indicator systems. This vo;%age (-28 V) ie regulated by potentiometer
R5-18, whose shaft is brought out to the front panel of the power pack and
is marked BIAS. | |

Placad into the plate circuit of the blocking oscillator is the primary
winding of transformer Tr3-8. The secondary winding of the transformer is
connected o the control grid. When the negative pulse from the selector
plate is applied through capacitor C3-26 to the plate of the blocking
oscillator a current directed from the power pack to capacitor C3-26 begins
flowing through the plate winding of pulse ﬁransformer Tr3-8. A magnetic
flux set up the transformer core crosses the turns of its windings and as
a result a certain voliage is obiained across the terminals of the secondary
grid winding; The leads of the secondary winding are connected so that
the plus of this voltage during an increase of the magnetic flux is_found
to be applied to the valve grid. The valve is made conductihg, its plate
current flowing through the transformer primary winding causes an increase
in the magnectic flux which brings about further increase of the voltage
cn the grid. Thus, the plafe current and grid voltage rise in an
avalanche-like manner.

The voltage across the plate and grid windings of transformer Tr3-3

is proportional to the rate of increase of the valve plate and grid currents,

both currents acting in opposite directions. While the rate of the plate

current rise exceeds that of the grid current rise, the plate voltage of
the valve continues to fall rapidiy, whereas the grid voltage to rise

rapidly. However, an appreciable decrease of the plate voltage due to

ggﬁﬁﬁ «++/the valve
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the vélve plate reaction,'retaras the plate current rise and accelerates
the grid current rise. The avalanche=-like process is retarded and then -
stopped (when voltage drops across the windings ceused by both currents
are compénsaited)e |

A gmall wvoltage drop on the control grid’due to the charge current of
capacitor C3~30 (thfough grid4~cathqde section) gives start to a second
avalanche~like process, but this time in opposite direction. The plate
voltage begins to rapidly rise, whereas the grid voltage to fall. This
results in an increase of the rate of the plafe current drop and in a .
deoreasé cf the rate of the grid current drop, which maintaiﬁs the
avalanche~like process. The second avalanche-like process brings about a
sharp drop of the plate current. This drop determines the trailing
(negative) edge of the blocking osciliator puisse  Thus the blocking
oscillator produces back-to-back saw-tooth pulses of small duration
depending upon design data of transformer Tr3-8e The given circuit employs
a transformer meking it possible to obtain a pulse of 0.3 microsece durat;on.

The second cycle of the avalenche-like process lasts until the valve
is”cut off againe During the positive voltaée peak on the control grid

\

heavy grid currents charging capacitor C3~30 flow through the blocking
ogcillator valves AsS a result the potential cf point A is considerably
reducaeda

When the valve is cut off capacitor C3-30 begins discharging through
resistor R350 and the petential of point A rises, but‘this potential
reaches only ~28 V and therefore it camnot make the valve conductings

The valve remains in this state until the nexti pulsé arrivesg from the
selector plate.

Placed in thes biocking osc;;lator circuit is a decoupling circuit
formed by resistor R3-52 and capacitor C3-28, which‘stores high power
required during the generation of the pulse by the blocking oscillator.

SECRET
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The presence of such a circuit increases the operation stability of the

. remaining stages fed from the source of stabilized voltage of 270 V si11¢e,
despite a heavy current flowing through valve V3-3, the current consumed
from the source is practically the same.

The valve plate current flowing in the interval between the beginning
of the Tirst and the end of the second avalanche-like process creates the
very narrow gate pulse of 0.3 microsec. duration (Fig.112, f) across cathode
load R3-51 and R3-54. The pulse is furnished through capacitor €3-29

. (Fig,ﬁ?,) 4o the target simulator and the band~elimination filter composed
of series and parallel circuits tuned to the receiver intermediate frequency.
This filter serves to suppress in the very narrow gate pulse spectrum those
harmonic components of oscillations which approximate the receiver
intermediate frequency.

From the filter the very narrow gate pulse is passed to the automafic

. tracking channel of fhe receiving system.
The positive pulse from the cathode load R3~54 is furnished to the

automatic range Tinder unit through delay line O0.17 microsec.

‘ Firet and Second Electronic Marker

Blocking Oscillators

The first and second elesctronic marker blocking oscilla tors employ
valves V3-4 and V3-5 of the 6NGS type (Fig.110). The first blocking
oscillator is iriggered by the negative pulse, taken from The plate load
of the velry‘narrow gate blocking oscillator (¥3-3).

The cathode circult of the first electronic marker blocking oscillator
is provided with a delay line for 0.4 microssac. opened at the end.  The
pulse formed on cathode load R3-53 is conducted to the delay line and is

v peflected from its end to cathode resistor R3-53 in 0.8 micresecs These

. two pulses are furnished from the cathode load of tbe first blocking
cscillator to the second one and trigger the,latter. Two positive pulses
of the electronic marker separated by a O. 8 microssc. interval are produced

in the cathode circuit of the second block:mg oscillator.

i
\
-A: in "3 /Mo nPanvaana ﬂ"-rﬂ..é -
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Transforme;‘s Tr3~-6, Tr3-T of the electronic marker blocking oscillators
have the same characteristics as transformer Tr3-8.

The decoupling circuit of the first and second blocking cscillators is
comprised of resistor R3~57 and capacitor C3-43. This circuit is designed
to serve the same purposs as circuit R3-52, C3-28 of the very narrow gate
blocking cseillater. The operation of both blocking oscillators is similar
to that of the very narrow gate blocking oscillaior.

. The electronic marker pulses are applied from cathode locad R3-3
(Fig.112, h) to the cathode of the fine range indicator.

Rotation of the range handwheel changes ‘hﬁe phase of the sine-wave
voltage, 75 Kc/ s, 2t the output of the phase shifter, the very narrow gate
pulses and elecironic marker being shifted in time relative to the beginning
‘of the swaep.

‘ The range handwheel is set so as %o ensure symmetrical location of

electronic merkers relative to the target echo.
5. RANGE MECHANISM UNIT

. The front panel of ithe range mechanism unit is shewn in Figs 114 and
| 115, while the key diagram of the unit in Fig.116 (See Album).
‘ The range mechanism unit consists of a phase shifting network, a

‘ disiribuiion mechanism and a scale mechanism.

Phagse Shifting Network

The phase shifting network is composed of a single-sitage input
amplifier, a phase splitting bridge, a capacitive phase shifter and a final
amplifier. The ‘ne’cwork is intended for shifting ﬂie range indicator and
vefy narrow gate electronic marker relative to the range‘reading 2E€Y0.,

‘ The input amplifier employs the left-hand triode of valve V4-1 (61\TBS)
and is designed to amplify the input voltage coming from the range unit.

The voltage of 75 kilocycle frequency coming from the range unit is

applied %o the control grid of the left-hand triode cf valve V4-1 through

CEPDET b
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connector Zwi-1 and poten%igmeter R4-2C. The potentiometer serves to
set the amplitude of the input voltage to 0.85i0.5 V. Its slotted shaft
is brought out to the chassis of the unit.

The amplifiéd voltage 75 Kc/s from the plate of the left-hand triode
is impressed on the grid of the cathode follower which utilizes the right-
hand triode cf the same valve V4—1.

The amplitude of the sine-wave voltage on the cathode of the right-hand
triode is approximately equal to 20 V.  The cathode follower locad is
step-down transformer Trd-1 with a ratio of 331 between the primary and
secondary winding turns, The cathode follower with step-down transformer
serves to match low-resisiance input of the phase shifter bridge with the
high-resistance cutput of the amplifier. The voltage from the {ransformer
sceondary winding is fed to the bridge circuit of the phase shifter
(Fig.117, a, b).

Tae phase shifter bridge circuit is composed of a voltage divider
employing resistors R4-6, R4-T, R4-8 and two parallel branches C4-6,

R4-9, R4~10 and R4-11, R4-12, C4~8. The mid-point of the divider (the
slider of poventicmeter R4~7) is earthed. As a result A.C. sine-wave
voltages equal in amplitude, but shifted in phase by 180° act between
poihts A and B of the circuit and sarth (poiﬂt 0).

The ampiitude of these two voltages is accurately balanced by moving
the ground slider of potentiometef R4-T whose shaft is brought out to the
front panel of the unit and is marked BALANCE-1.

To ensure preciée phase opposition of these voltages it is necessary
that not ocaly pure resistances between point 4 and earth and between point
B and earth, but A.C. reactance T5 Kc/s, should be equal in magnitude.

Tt should be borue in mind that suscepiances which are hardly caliculated
beforehand, are provided in sections AO and BO of the circuit due to
distributed capacitances of the transformer secondary winding designated

&ES%ET o ’./in Pig.117,
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,». in Fig.117, a, as capacitors CA and CB; Therefore, to balance susceptances
. of sections AO and BO accurately the civouit is ﬁrovided with fixed capacitor
C4-5, itrimming capacitor C4-T by meahs of which an accurate phase opposition
of the voltage in points A and B (relative %o earth) is oblained. The shaft
of the capacitor C4-7 vanse is brovght out to fhe front panel and is marked
- PHASE.
Let us consider the bridge vector diagram (Fig.117, b) and develcopment
’ of voliage in poiirb B ~ vector U, (1eft branch of the bridge). Vector
UAB indicates the vbltagg of the secondary winding of iransformer Tr4-1
acdting beﬁweeﬁ points A and B of the bfidge. Vegtors UAO and UBo indicate
volitages ecting in‘points A and B relative to earth. Voltage across |
capacitor (4-6 (vector UAB) is always shifted by 900 relative to veltage

drops across resistors R4-9, R4-10 {vector UCB) and vector sum of vcltages

‘ UAC and UCB aiways equals voltage UAB applied to the branch. Branch
R4-9, R4~10 conductis current I (Fig.1i17, b) and in case of equality of
pure resistance and capacity reactance in absolute value; equality of
amplitudes of vcltaées UAC and UGB will be obtained in the branch. In
thig case vcliags UCO in point C relative to carth and equal to the vector
sum of volitages UBO and UCB leads voltage UAB applied to the branch in
phase precisely by 900c

.When pure resistance and capacity reactance are equal in the right-hand
branch, Voltage UDO in point D relative to earth lags in phase preciszely

applied to the branch and is opposite in phase to

by 90°‘from VOlfage UAB

voltage UCO°
Pure resistance and capacity reactance in each branch of the bridge

are balanced precisely by means of variable resistors R4-10 and R4-11

whose slotted shafts are brought out to the front panel of the unit and
are marked PALANCE-2 and RALANCE-3,
Voltages from four bridge points (UAO’ Upys Ugp and UDO) are applied

to the capacitive phase shifter (Fi%k118) composed. of two stator discs
erRRTT
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. | and a rotor. The first stator disc consisis of four sectors insulated
frem each other; the second disc is solid. Sectors 1, 25 3, 4 are fed
with voliages frem pecints C; B, D and A-of the bridgeo Sectors 1, 25 3,
4 and disc 5 constitute four capacitors (Fig. 118, b). The .output vol tage
¢of the phase shifter is tvaken'off between disc 5 and earth.
If all four capacitors (C1, C,s C35 C 4) had the same value, the

current in the phase shifter load and voltage Voﬁ tput across it would

‘ amount %o zero, since four voltages UAO’ .UDO’ éJBO’ and UCO acting in the
¢ircuit are equal in value and shifted in phase by 90° with respect to each
other. But due to presence of the phasé shifter rotor these four
capacitances will never be equal to each other.

The rotor comprises an insulation disc having specific induct:‘i.ve‘
cépacitance of avout 6. The disc is set on the rotation shafh eccentrically.

. If, for instahce, the disc stands against sector 1, the capacitance C1
exceeds any of the th:"ee capacitors and an A.C. current caused by voltage
UC'O appears in the ioad. Tn this case the curreni circuit has minimum

‘ capacitive Jjeac'ban.ce. |

If the phase shifter rotor is then turned through 90O the insuvlation
disc will stand agains’ éec‘tor 2 and the capacitance 02 will e maﬁimum
and current caused hy voliage UBQ will flow through the load. Thus, the
current in the load and veoitage U, ~_in 1be second case will be 900

_ output
out of vhase as compared with those -in the first case.

Displacement of the insulatich disc centre off the rotor shaft should
be selected so that during the rotor rotation the phase of the output
voltage changes linesrly depeuding upon the angle of turning. The shaft
of the phase shiiter ro_'i;cl* is mechanically coupled to the main shaft of

‘ the range meéhani.zam with gear ratio 1si. The output voltagé of the phase
shifter is used ¢ prcduce very narrow gate pulses and the electroaic

marker of the fine range indicator. Therefore, the change of this voltage

gES%EE | X e/phase by
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,' phase by any angle causes the electronic marker on the. fine rangs indicator

to move through the same angle.

One complete revolution of the fine range tube elecironic marker
corresponds to a complete revolufion of the phase shifter rotor. In this
case the phase of the voltage teken from the phase shifter changes by 360o

and location of fhe very narrow gate pulse and pulses of the fine rarvxge'
indicator electronic marker changes by 2000 m. on the scale.

‘ The voltage shified in phase is applied from the phase shifter ou'hpuf
to the grid of amplifier valve V4-2, type 624 (Fig.116).  Voltage from the
amplifier plate is fed to the range and very narrow gate indiéator unit
through cermector Twil=2

To check the output voltage taken off the plate of amplifier V4-2 (624)

use is made of jack G4~6 (OUTPUT VOLTAGE) coupled to connector Zw4-2.

. Distribution Meckanism

The construction of the range mechanism unit makes possible manual

and automatic target tracking in range. In this éase"the slant range datla
‘ _ are transmitted to the anti-aircrafi _direc*:;or by two transmitting selsyns
of the DI-511 typa. | |

The kinematic diagram of the distributicn mechanism is presented in
Fig.119 {See Album).

The targe’ is tracked manually by rotating the manual tracking handwheel,
and automatically, by automatic tracking motor M4-2, type ASM~-200.

The manual tracking handwheel is coupled with the main shaft not
rigidly, but through a spring friction clutch which makes it possi‘ble to
tranemit from the handwheel %o the main shaft only a limited torque not

‘ exceeding the friction torque in the friction clutch. As a result, when
the main shaft is stopped by the mechanical limiter in either extreme
position (beyond fhe cperating range band of O - 40 km.) further rotation

of the handwheel is not accompanied by transmission of excessive torques

SEEE%E .eo/t0 the
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. to the main shaft. This precludes the poszibility of breakage of separafe
system elements.

During automatic tracking rotation should not be imparted to the
handwheel. For this ’purpose a differential friction brake is m.oun‘ced on
the shaft of bevel éear %2 - 34. The pin of the brake adjusting screw is
placed under the piug {under the cup head screw) on the cover of the
distribution mechanism (Fig.120).

‘ Automatic tracking metor M4-2 (Pig.116) is provided with a control
and a supply winding. Voltage to the motor control winding is applied
through contacts 2 and 4, contact 4 being earthed. Contacts 1 and 3 of
the motor are suppiied with 110 V, 50 c.p,'s. through capacitor C4-14 used
for phase shifting. Dependiné upon the phase (direct or opposite) of the
ﬁoltage applied to the control winding the motor ro‘tates clockwise or

. countei»—cloclcwise with a speed determined by the value of the control Volfage.

Automatic tracking motor M4-2 (Fig.i19) rofates the main shaft of the
distribution mechanism through.w'orm and wheel (i = 1/50) and a cone

. differential (i = 1/2).

Rotation of the main shaft is imparted:

t0 the scale mechanism through one pair of spur gears (i = 1)3

to the rofor of phase shifter C4~15;

to fine seisyn M4-3 through bevel gear pair (i = 1)s

4o coarse selsyn M4—4 through worm and wheel (i = 1/20)3

to strobe delay potentiometer R4-21 through.a bevel gear pair

(i = 50/43).
Rotation to the main shafh may be imparted from the manual tracking

handwheel with low and high speeds.

Low speed (i = 1/10) is used when tracking the target; the handwheel
is set in the forward positicn.
High speed (i = 1) is used for rapid shifting of the sight; the hand-

‘wheel is set in the backward position. QFP@W?
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. With such kinematic coupling one revolution of the main shaft
corresponds to:
one revolution of the fine range scalej
f / 20 of é. revelution of the coarse range scale;

a turn of the sirobe-delay potentiometer fine wiper through an angle

-——-——-—-—360403X 0_ 418,60;

a turn of the strobe--delay potentiometer coarse wiper through an

equal approximately to -

- )
‘ angle equal approximately to 1873
‘ one revolution of the phase shifter rotor;
one revolution of the fine transmitting selsyn;

1/20 of a revolution of the coarse transmitting selsyn.

-

Scale Mechaunism

The scale mechanism incorporates two scales (coarse and fine) connected
‘ with the main shaft. The main shaft rotation is imparted to th.e scal.e
mechanism through a pair of spur gears (i = 1). The scales are graduated
discs. The fine scale division value is 10 m., the coarse scale division
' value is 1000 m.
' The fange is read visually through an inspection port. The scale
can be rotated either maﬁually with the help of the range handwheel
situated on the front panel of the unit or automatically by means of range
tracking system. For this purpose switch MANUAL - AUTCMATIC should be

set accordingly.
6, AUTOMATIC RANGE FINDER UNIT

The automatic range finder unit (Figs 121, 122 and 123, see Album)
congists of a strobe forming channel (V-1 9‘ V7-2, V]-3A, V7-3B, V7-4 and
'_ V1-5), a video amplifier Ghannel (V7-8, V7-T, V1-6), an error signal
isceriminator (V7-173, a D.C. amplifier channel (V7-16 and V7-15), a
converter (Q7-1) and an A.C. amplifier channel and AGC circuit (VT7-13,

V=14, V1-11, V7-9, V7-10). T
e T T EGET |
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‘ To make the automatic range finder operative it is supplied with the
following pulsest the ver Ty narrow gate pulse from the range and very narrow
gate indicator, xfideo signals from the range channel amplifier of the
receiving system and the gated video signal from the automatic tracking

cannel amplifier unit. !

Split Gate Forming Channeil
The very narrow gate pulzse from connector Zw7-3 is furnished through
‘ . the delay Line (delay wvalue is 0.6 microsec.) to the control grids of
valves V7-i and V7-2, typs 6P9 (split gate forming stages).

'In normal staie valve V]-1 is almost cut off by a posi‘c.ix‘re voltage of
48V appiied to the cathode from divider R7-6, RT-3 and- R7-4. Valve VT=2
is cut off by the positive vol%age applied to the cathode from divider
‘R7-12, R7-9, R7-10. |

. Capacitors C7-3 and C7-16 are charged to the vélue of the plate voltage
of valves V7¥1 and V7-2 (a‘oout 220 V). The very narrow gate pulse impressed
on the valve gricls triggers these valves for a short period of time, thus

. discharging capscitors L'? 3 and C7 16, As a result damped sine-wave
osc:Lllatlons are developed across circuits K7-1 and K7- 2 which are formed
by inductances L7~1 and L7-11 respectively and equivalent capacitances
- containing the wiring capacitance, the inter-turn capacitance of the coils
and the capacitanqé of the valves. Inductances LT-1 and L7-11 are selected
8o as %o ensure 0.6 microsec. duration of the first negafive pulse. During
the positive half-wave of the oscillé.‘bions the damping diodes of valve
v7-3 (6H63) shunt the circuits and the oscillations are stopped.

Before the pulses from circuits K7-1 and K7-2 are applied t;) the

’ control grid valves VT-4 and V7-5 (6P9) of the forming stages are on. The

negative pulse coming from éircuit K7-1 to the control grid bf valve V-4

cuts it off and a square positive pulse, i.e. the early gate of 0.6 microsec.

duration having an amplitude of 55 V,; is formed on the left-hand plate of

. error signal discriminator V7-17 (6HOS) ggﬁnm |
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Similarly in 0.6 microsec. valve V-5 develops thé late gate of
. 0.6 microsec. duration on the right-hand plate <;f the discriminator. The
split gate pulses are delayed for 0.6 microsec. in relation to each other,
 therefore, the end of the early gate coincides with the 5eginning of the

late gate (Fig.124).

Video Amplifier Channel

The video amplifier is comprised of two émplification stages using
. valves V7-8B and V-7 (Fig.123), a D.C. restorer .stage (V7-8A) and a cathode
follower (V7-6).

Positive video signals of about 2 V amplitude are furnished from the
amplifier of the receiver range channel to the grid of the first valve of
video ami)lifier V7-8B (6NSS) through connector‘ ZwT=4e This valve operates
with current hegative ‘feedback, since its cathode circuit is provided with

. resistors R7-35 R7—36.

The amplified negative voltage pulse from the plate of valve V7-8B is

applied through coupling capacitor C7-21 to the control érid of the second
. video amplifier stage VT-7 (6P9).  The plate circuit of valve V7-7 is fed
with a stabilized voltage of +105 V from stabiloyclt v7-12 (5G3S).

The second video amplifier stage simultaneously performe the funotién
o‘f a limiter clipping the signals applied to the error signal discriminator.

In the absence of video pulses valve' V7-7 is conducting because the
grid and cathode potentials are equal in value. In this case the value of
thé plate voltage is about +50 V. When the grid is supplied with the
negative signal from the plate of valve V7-8B, valve V7-7 is cut off and
the voltage on its plate becomes equal to +105 V. Thus the voltage drop
on the plate of valve V7-7 makes up not more than 55 Ve Therefore, the

‘ ' value of the pulse taken from the valve plate and applied to cathode
follower V7-6 (6P9) cannot in all events exceéd 55 V.
| The grid circuit of valvé V7-6 is provided with a D.C. restorer (the

left half of valve V7-8) which operates as followss

T CLrRLT
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| The grid and plate of the left half of valve V7-8 are connected
.’" together (diode connection). While video sigrals pass a negative charge
is develeped on the left~hand plate of capvaci..tox; C7-20. Upon cessation of
the pulse the cathode of the left half of valve V7-8 obtains negative |
pctential relative to the plé,te,and the valve is 6n. Capacitor CT7-20
rapidly discharges through valves V7-8 and V7-7. Thus at the end of
every video signal zero level is restored on the grid of valve VT7-6.
- From cathode follower 1oad R7-25 the positive video pulse is applied
‘ 'b‘o the discriminator plates through resistors R7-89 and RT7-90. |
With the receiver AGC switched on, the normal signal level at the output
of valve V7-6 should make up approximately 40 V.- The amplification factor
of the aulcmatic range f_:'.nder video amplifier is regulated by variable
- resistor R7-36 placed in the cathode circuit of valve ‘V7—8B.
‘ The resister shaft R7-36 is brought out to thé front panel of the

automatic range finder unit and is marked FEEDBACK.

Error Signal Discriminator

‘ The errcr ignal discriminator employs valve V7-17 (6HES) and serves
as a time discriminator producing the error signal, the value and sign of
which depend upon the time difference between the arrival of strobe pulses
and thé signal.

The main function of the discriminator is to separate the echo signal
of the target being tracked from all the signals arriving from the receiver
range channel with the help of two strobes and to divide the separated
signal into two parts adjacent in time. .Moreover, two diodes which -
function as a signal separator, are used as detectors, converting video
pulses into D.C. \}oltage. -

‘ The discriminator plates are supplied with positive strobes from the
plates of valves V7-4 and V7-5 and with video signals from cathode follower

g%ﬁ%@s | ..+/In the

V-6,
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In the absence of strobes the positive voltage (of about +55 V) fed to
. the cathodes of valve V7-17 from divider R7-88, R7-86 and R7-85 keeps the
discriminator cut off at the maximum value of the video sighal.
The positive strobes coming to the platés of valve V7-17 trigger in
succession the left- and right-hand diodes of the discriminator for 0.6
midroséc. In this case capacitor C7-40 is charged with the current of the
left-hand diode due fo the action of part of the signal falling on the
first strobe, while capacitor C7-41 is charged with that of the right-hand
‘ diode due to the action of part of the signal falling on the second strobe.
The charges developed on these capacitors are approximately proportionate
to the values of the appropriate parts of the signal. The voltage
difference on the capacitors is used as an errcr voltage.
If the sirobes are located in symmetry with the target echo signal,
‘ then the echo pulse is aligned with the electronic markers on the range

indicaters.

D.C. Amplifier Channel

The D.C. amplifier employs valves V7-16 (6N9S) and V7-15 (688S). To
increase stability of the amplifier operation use is made of a balance
circuit with high resistance R7-84 placed in the cathode circuit of valve
V7-16. This cathode resistor does not affect the value of the error signal
since with an increase of voltage on the grid of the valve right half the
"grid voltage of the valve left half decreéses and the.total cathode current
does not change. However, any other change in voltages (plate voltage,
valve filament voltage) causing a change of the valve total current is
stabilized by high cathode resistance R7-84 due to negative feedback.

Besides, to increase stability gf the stage operation'the filament
‘ voltage of the D.C. amplifier valves (V7-15 and V7-16) is taken from the

separate winding of transformer TrT7-4.

Error voltage is applied to the amplifier grids from the discriminator

output through smoothing filters (R7-87..and C7-39, R7-95 and 07-38).

QECRLY
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The stage amplification factor is approximately:equal to 50. From

. ~ the am’piifier plates thé error voltage is applied to cathode follower

V7-15 (6N8S) through integrating circuits (R7-82, R7-83, 07-37 and R7-73,
"R7-T4, C7-36). The integrating circuits enable the system to meﬁorize as
it were the\speed essential for éccurate tracking of.féding signéls. - When
the signal vanishes the currentvinlthe discriminator sharply decreases, but
the error signal changes with large time constant of the integrating cifcuit
memorizing the last speed‘value;

Placed between-the cathode followers and converter Q7-1 are
differentiating circuits R7-T1, CT7-35, R7—72,’C7—34 and resistof R7-68. .
IThe error volitage applied fo converter Q7-1 is developed across resistor
R7-66.

In the steady state with constant error signal the differentiating

‘ circuits cohstitﬁte b conventicnal vol‘bége divider‘employving resiétors
R7-T1, R7-72, and R7-68. A sharp change of the error signal is transmitted
through capacitors C7-35 and 07—34 to load 3?-68 thus ensuring répid action

- of thekfollow—up system. /
‘ The error signal forming circuit is regulated by fouf potentiometers
R7-86 BIAS, R7—17 BALANCE-3, R7-93 BALANCE-1, R7-80 BALANCE-2, the shafts
of which are brought out to the front panel of the wnit.

Potentiometer R7-86 BIAS is set in such a way that the error signai
diseriminator is triggered only by the peaks ;f strobes. frobe'amplitudes
are set equal by potentiometer RT-17 BALANCE-3. - The discriminator
detecfing circuits are balanced by poténtiometer R7-93 BALANCE-1. The
D.C. amplifier is balanced by potentiometer RT7-80 BALANCE-2.

Monitoring jack G7-10 is intended for observing the signals applied from

‘ » the video amplifiér %o the discrimina'bor,,vmile monitoring jack GT7-9 for

observing the péssage of the selected signal through the discriminator.

A ~..‘/Converter
SECRES
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Converter
. » The error'signal should not 'be greatly amplified at D.C. because of
instability of D.C. amplifiers, therefore, conversion of D.C..into A.C. is
employed in the circuit. /

Preamplification of the error signal at D.C. after the discrimiﬁatdr
is found necessary to further integration and di_fferentiation of thé‘D.C.
error signal as well as tc improve the relationship between the error signal

. and the unbalance voltage of the converter circuit. The unﬁalance voltage
appears due to spi'ead of parameters of the copper-oxide and other eiémen“bs
of the converter circuit.

The converter is a bridge (Fig.125) oombosed of non-linear resistors,
one diagonal of which is fed with a voltage of 50 c.p.s., whereas the other,

| into which the primary winding of transformer Tr7-3 is connected, produces an
E ‘  error sigral voltage of 50 4c.p.s. E
3 With the‘potentials in points A and A1 equal s when the error signal
1 voltage is zerovcircu‘it Ji R1, R2, R3, A1 9 is de—energized. In the
presence of potential difference between points A and A1 the above circuit
’ conducts current whose direction is determined by the higher potential
(A or AT). ‘Thc current flow in this circuit causes voltage drop U2 across
resistor R2 whose value and polarity aré determined by the error signal
voltage. Voitage U2 is impressed on both bridge diagonals through the
primary winding of trapsformer Tr7-3 and resistors R5 and R6°
The circuit points 2, and b1 are fed with a voltage of 50 c.p.s. The
| givider mid-point B is connected through resistor R2 with mid—point.B1,of
the primary winding of transformer Tr7—3;
The converter circuit may be found under two following .conditionss
G . no error signal voltage applied (the bridge ié balanced)s
error signal veltage applied (the bridge_is unbalanced).
In the absence of the error signal .only A.C. voltage U3 is applied to
bridge diagonal ay - b1 and current passes through elements Q2 and Q1 or

L g ’ eronry o . o
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through Q 4 and Q3 depending upon polarity of voltage U3.
’ » Suppose polarity of voltage U3 is like that shown in Fig.125. In this

case elements Q,1 and Q2 conduct current. By the action of the potential
difference between points EB current will flow in direction F.‘;--b“-—/c,,—B1 —-R2-B.
By the aCtiop of the potential difference between po:fnts BE1 current will
flow in direction -B—R2—B1 ~Cy —-a.1—E1. The half of the prixgary winding connected
between points 01—-B1 takes currents 7equa1 in magnitude but opposite’ in
| sign, and the difference current is zero.
. In case of negative polarity voltage U3 is applied through elements
‘ Q 4 and Q3 and the oﬁ.rrent flowing through the half of the f)rimary winding
- connected between points ]31--d1 is zero as well.
Fig.-125 is é representation of simplified characteristics of the
elements and vocltage charts expliaining operation of the converter for the
' case cb_nsidered above. |
In the presence of the error signal the elements (A.C. element excluded)
are fed with D.C. voltags whose polarity is determined by the sign, while
the value by the error voltage valﬁe; ‘\
is such that potential of points cy and

2

‘ ' Suppose polarity of voltage U
1 1 is greatér than that of points a, and ‘o1 . Polarity of voltage U3 is

d

indicated in Fig.125. Now 'bh'e opefating conditions qf element Q,’2 are
other ‘bﬁan those of element Q.

Voltage U2

“negative values; the voltage cut-off angle will decrease and so will the

will shift the operating point of elemen‘b'Q2 towards

current flowing ‘bhn?ough element Q2. V’olta_ge UZ will shift the operating
point of element Q1 'bowards positive values;' the cut-off angle of_voitage
U3 will increase and so will the current flow.mg through element Q,1
. - The value of the current flowing ’chrough the flrst half of the
| transformer primary winding is determined by the dlfference of currents

passing through elements Q1 and on The greater voltage U2, the greater

\

SECRET e vettane
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3 has reversed polarity elements Q 4 and Q3

. In this case the current flowing t_hrbugh element Q3 is greé,ter than that

When voltage U are conducting.

flowing through element Q 4 and the direction of the diffe»ren-ce current
through the second portion of the transformer primary winding is determined
by current IQ3 (Fig.125). - , ,

Induced in the secondary circuit of transformer Tr7-3 is an A.C.
voltagz of 50 c.p.se. whose émpl:{tude is proportional to the value of the.

error signal and whose phase changes by 180° when polarity of voltage U2

is reversed.

A.C. Amplifier Charnnel and AGC Circuit_

The error signal A.C. voltage is amplified by a three stage émplifier
feeding the control wiﬁding of the aufomatic tracking motor.

The first amplifier étage, i.e. a voltage amplifier based on a tranéformer
. with adjustable amplification factor is valve V7-13 of the 6K3 type (Fig.123).
The signal ét the discriminator output depends not only upon the value of
time error betwsen the strobes and the signal, but also upon the video
signal amplitucde which within the automatic tracking range 0.5 -735 km.,
changes approximately 1.5 times. The stage gain'is automaticallx contfolled
by changing the bias on the control grid, thus ensuring constancy of the
common amplificalion factor of the automatic range finder follow-up system
in range.

The bias voltage is developed by detecting in thé stége using valvé
V7-14, {type 6N8S, connscted as a diode) the negative video signal coming
from the automatic tracking channel amplifier unit. By potentiometer
R7-63 (automatic gain control) with normal signal and automatic gain conirol
on, the bias value of valve V7-13 is set so, that the current as measured
| ‘ by inst:;ument Pp7-1, located on the front panel of the automatic range finder

unit, amounts to 5 to 6 mA. v
Transformers Tr7-3 and Tr7-2 are shuﬁted by resistors R7-65, RT-57 and

R7-56 to increase stability of %hfpﬁf%ifier operation. Capacitors C7-33,
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C7-43 and C7-29,; shunting the secondary windings of transformeré Tr7-3 énd
.Tr7—2, improve the A.C. voltage curves With the help of potentiometer
R7-56 (AMPLIFICATION) the automatic system is .amplifi.ed to such a degree at
which the system is set after two or three oscillations. To increase
stability of the sfage operation the gcreen.grid of valve V7—13 is fed
with a stabilized voltage‘of +105 V from stabilovolt VT-12.

~ The penultimate and final stages of“the A.C. amplifier are based on
a self-balance inverter circuit using valves V7-11 (688S), V7-10 (6N3S)
and V7-9 (6P33).

Inverter stagé V7-11 makes it possible (without a special transformer)
to obtain two A.C. voltagés équal in vaiué and 180° out of phase to feed
the push-pull output stage. The A.C. voltage from the plate of the right-
hand triode of valve V7—1f is passed to divider RT-47, R7-46, R7-45, R7-44
and to the control gri& of valve V7-9 thréugh capacitor C7-27. Part of
the voltage from the divider is applied to the grid of the left-hand triode
of valve V7-11 which changes the voltage phase. From the plate of the
left-hand tripde the voltage is impressed on the control grid of valve
V7-10. - ; |

The self-balance inverter circuit is similar to the or@iﬁary ciicuit
except that it bas balancing resistor R7—-44. With different voltages on
the control grids of valve V7-9 and V7-10 a voltage drop is developed across
resistor R7-44 which is applied to the.lef£—hand triode of valve V7—11 and
which restores the circuit ﬁalance.

Transformer Tr7—1 is designed for matcﬂing the low-resistance of the
motor control winding with the amplifier internal resistance.

Negative feedback required to decrease the amplifier butput resistance
is applied from the output of the push-pull amplifier to the input of valve

Vi-11. The negative feedback circuit is formed by resistors RT-54 and

RT-55. o , :
Eﬁmw ovo/To facilitate
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To facilitate the operator's work a receiver manual control knob marked
' ‘ ANPLIFICATION (variable resistor R7-99) is provided on the front panel of

the automatic range finder unit.

Cha pter 6
PTAN-POSITION INDICATOR SYSTEM AND POWER

PACKS OF RANGE MEASURING AND PLAN--POSITION

‘l' | INDICATOR SYSTEM

‘A. PLAN-POSITION INDICATOR SYSTEM

1. GENERAL

The plan-pésition indi'cator system serves to detect and observe targets
“appearing in the region 'being scanned, as well as to roughly determine
. their coordinates. |
The plan-position indicator system consists of a P.P.T. 'u‘nit, s P.P. T,
transmitting selsyn installed in the antenna pedestal.
The P.P.I. system is fed from the power pack cozﬁmon both fo'r the range
measuring system and the P.P.I. system.
Some elements' of the P.P.I. unit (transformers Tr9-4, Tr9-5 and
capacitor €9-17) aré 1ocated..in the power pack of the range measuring unit.
The P.P.I. unit is designed for shaping saw-tooth current pulses,
Whic}; form a radial sweep on the indicator screen, volta'é'ev imlses gating
the forward travel of the sweep and range marker voltage pulses forming
the electronic range markers on the swéep, »

The formation of the above pulses starts the moment the transmitter is
" triggered, because the operation of the P.P.J. unit is synchronized by the
‘ same itrigger pulses furnished from the range unit which are also used for

fi‘iggering the transmitter.

+../The P.P. L

SHRET
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The P.P.I. unit accommodates an indicator which utiliZes a cathode ray
tube with magnetic control and a long-persistence screen.  On the screen of
the tube the operator can observe signals returned from the targets in the
region being scanned. The target echqes on %he screen enable t